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The Ground Mobile Radio (GMR) is a communications system designed to enhance data 
throughput and communications within the U.S. Armed Forces.  The GMR utilizes the 
Wideband Networking Waveform (WNW) and the Soldier Radio Waveform (SRW) to 
increase throughput while simultaneously emulating up to four current force radios.  This 
study investigates the appropriate Basis of Issue Plan (BOIP) for fielding the GMR to a 
Heavy Brigade Combat Team (HBCT).  Optimization modeling is used to generate the 
appropriate BOIP based on an objective function to minimize radio costs, decision 
variables to assign radio types and quantities to each platform, and constraints in platform 
requirement and radio capabilities.  We create multiple variations of the optimization 
model to determine the optimal BOIP for different levels of requirements and then make 
recommendations regarding the best radio mix for an HBCT under each set of 
requirements.  We find that the majority of the four channel simultaneity requirements for 
the GMR are not required in an HBCT and that only three out of fourteen were used in 
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I. INTRODUCTION 
The purpose of this project is to generate an optimized Heavy Brigade Combat 
Team (HBCT) basis of issue plan (BOIP) for the Ground Mobile Radio (GMR). The 
GMR is a type of communications system designed to enhance data throughput and 
communications within an HBCT.  The GMR program is approaching Milestone C which 
will enable low-rate initial production and initial operational capability.  This will be the 
first time that operational units will have this radio system.  The GMR utilizes the 
Wideband Networking Waveform (WNW) and the Solder Radio Waveform (SRW) to 
increase throughput capability while simultaneously emulating up to four current force 
radio systems: Single Channel Ground and Airborne Radio System (SINCGARS), 
Enhanced Position Location Reporting System (EPLRS), High Frequency (HF), and 
Satellite Communication (SATCOM) radios. 
A major limitation of the current radio system architecture is low data throughput.  
The majority of the radios in use in the force do not have the capability to send and 
receive large amounts of data.  Current data intensive systems require data throughput in 
excess of the capacity of radios currently in the field.  The GMR provides increased 
throughput rate and allows effective command and control for unit commanders on the 
battlefield.   
The GMR BOIP will focus both on identifying individual platforms in the HBCT 
that require GMR and filling the platform requirements with a GMR at the lowest cost.  
Multiple variations of the optimization model will be generated in order to analyze the 
effects of a BOIP that does not completely fill the GMR requirement in the HBCT.  This 
analysis is critical in examining the effects of a reduced Department of Defense (DoD) 
budget in the future on the GMR program.  Analyzing the model variations enables us to 
make recommendations for the GMR BOIP in a resource-constrained environment and 
will ensure GMRs are located on platforms most critical to the GMR network.  After 
analysis of the optimized GMR BOIP and variations, we will recommend the appropriate  
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BOIP for GMR in an HBCT that maximizes the capabilities provided by the GMR at the 
lowest optimal cost.  Our team concludes this project by highlighting potential areas for 
further investigation.   
A. PROBLEM DESCRIPTION 
Currently, the Department of the Army has not approved a GMR BOIP for the 
HBCT.  BOIP working groups and integrated product teams have identified initial 
locations for GMR within the HBCT; however, the BOIP exists in a state of fluctuation 
based on differing methodology between the various stakeholders.  Prior to this project, 
linear programming and optimization methods have not been used to assist the GMR 
program office and the Training and Doctrine Command (TRADOC) Capability Manager 
in determining the optimal placement of GMR radios in the HBCT.   
We will utilize integer programming with binary decision variables to determine 
the appropriate basis of issue location by platform in the HBCT for the GMR at the 
lowest optimal cost.  In order to generate an optimized BOIP for the GMR, all of the 
radios currently in use in an HBCT were examined along with the capabilities provided 
by the GMR.  Furthermore, GMR requirements documents dictate that only 14 distinct 
four-channel configurations are required to complete the BOIP.  These 14 four-channel 
configurations, known as simultaneities (SIMULTS), represent 14 different combinations 
of the WNW, SRW and current force radio waveforms currently supported by the GMR.   
B.  PURPOSE 
The main objective of this project is to optimize the basis of issue plan for GMRs 
in an HBCT utilizing an integer program with binary decision variables.  At the 
conclusion of this project, our team will be able to make a recommendation for the most 
appropriate HBCT BOIP for the GMR.  Furthermore, our team will model multiple 
variations of the GMR BOIP to enable TRADOC and the GMR Program Office to adjust 
the BOIP based off of a reduction in the total number of GMR radios to be issued to the 
HBCT.   
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Ultimately, the purpose of this project is to provide a GMR BOIP based off of 
current data used as input to an optimization model to minimize the total cost to the Army 
for the GMR program.  This process, to the greatest extent possible, will remove human 
bias, and focus on placing GMRs in locations within the HBCT that are critical to 
ensuring situational awareness for the HBCT Commander and subordinate Commanders 
in the HBCT structure.  We will remove human bias by constructing an integer program 
and allowing the model to optimize a GMR placement solution.  In this way, the bias will 
be removed, and analysis of the optimized solution will result in the lowest cost, optimal 
BOIP for the HBCT.  In addition, the output of the model and model variants will allow 
us to conduct additional analysis in order to make recommendations to further reduce 
costs associated with GMR.   
C.  ORGANIZATION  
First, we conducted research to ensure that data gathered for use in the integer 
program was current and factual.  Next, in chapter two, we focused on the 
communications architecture of the HBCT, the capabilities and limitations of current 
force radio systems, and the capabilities of the GMR.  We interfaced with the GMR 
Program Office and TRADOC to gather the necessary information to completely identify 
the problem and the constraints associated with constructing a GMR BOIP for the HBCT.  
Additionally, which we cover in chapter three, we examined the HBCT structure to 
identify critical communications nodes, command platforms, and locations of data-
intensive systems that require a GMR to support the mission.  Finally, we examined the 
capabilities of the GMR to ensure that capabilities and constraints of the system could be 
used to construct the original and variations of the integer program.   
Next, in Chapter IV, we began constructing the initial integer program by 
identifying the decision variables, objectives, and constraints of the optimization model.  
This process was iterative, and we began by writing out the model in words, formulating 




Initially, we developed the model utilizing Microsoft Excel as a proof of concept and 
then transferred it into the General Algebraic Modeling System (GAMS) due to the 
overall size of the model.   
Once we generated an optimized GMR BOIP for the entire HBCT requirement, 
we reduced the number of GMRs required over the course of five additional variations.  
We then analyzed the results of these models and conducted slack analysis on the output.  
The results of these models showed that less than half of the GMR configurations, also 
known as simultaneities, were required to equip an HBCT with GMRs.  Furthermore, in 
chapter six, we identified that by integrating an additional simultaneity consisting of the 
WNW, SRW, SINCGARS, and HF waveforms, the overall cost of the GMR in an HBCT 
could be reduced by over one million dollars per HBCT.  When considered holistically, 
this could reduce the overall bill to the Army for GMR by tens of millions of dollars.  In 
chapter seven, we conclude by highlighting the most significant observations and insights 
from the project, providing our recommendation for the HBCT GMR BOIP, and 
identifying several potential areas for further investigation in the subject area. 
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II. BACKGROUND 
The objective of this chapter is to introduce the elements that contribute to 
modeling the GMR BOIP.  First, we examine the purpose and description of a BOIP to 
clarify how the Army manages the distribution of equipment and personnel.  Second, we 
describe the structure of the HBCT and its subordinate elements and highlight the current 
radio architecture to demonstrate the scope and complexity of our model inputs.  Third, 
we explore current Army command and control systems that require significant 
throughput rates when transmitting information from one HBCT element to another.  
Fourth, we show the capabilities and limitations for each current force radio system 
within the HBCT to show areas where capability gaps exist that GMR has the potential to 
fill.  Fifth, we introduce the GMR capabilities and configurations to provide a foundation 
for understanding how GMR will enhance the HBCT communications architecture.    
Lastly, we describe the Warfighter Information Network–Tactical (WIN-T) and its role as 
a transport layer for the Army network at the HBCT level to show where GMR and WIN-
T will work together to bridge the terrestrial network with the Global Information Grid 
(GIG).   
The information contained in Chapter two provides necessary information to both 
introduce the radio configuration of an HBCT and provide the necessary information to 
adequately construct a model for optimizing the BOIP for the GMR radio in an HBCT.  
This chapter is specific to Army units and Army operations and will enable a non-
uniformed reader or member of a sister service to understand the information utilized in 
synthesizing the BOIP model.   
A. PURPOSE AND DESCRIPTION OF A BASIS OF ISSUE PLAN 
The U.S. Department of the Army (1997) states that the BOIP process “identifies 
mission essential wartime requirements for inclusion into organizations based on changes 
of doctrine, personnel, or materiel” (p. 12).  The Army continuously procures new 
equipment, such as weapon systems, communication systems, and vehicles, to meet 
current and future mission requirements and to keep pace with technology when possible.  
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During the acquisition process, Army materiel developers must plan for and document 
how many items to procure and where to place the items throughout the Army.  The 
BOIP is the formal requirements document that captures the projected quantity and 
placement of newly procured or improved equipment and is updated as requirements 
change over time (U.S. Department of the Army, 1997).   
Additionally, BOIPs thoroughly describe the capabilities of new equipment, list 
the specific organizations that will use the equipment, outline any resulting personnel 
changes, and identify the required military occupational specialties (MOS) for soldiers 
who will operate and maintain the equipment.  Army materiel managers also use BOIPs 
during the research and development process to help conduct concept studies, estimate 
life-cycle costs, and perform cost benefit analyses when evaluating potential equipment 
and systems for integration into the Army (U.S. Department of the Army, 1997).  Finally, 
materiel managers use BOIPs as source documents to generate changes to Army force 
structure and resource management documents, including Tables of Organization and 
Equipment (TOE), Tables of Distribution and Allowances (TDA), and Joint Technical 
Architecture (JTA) documents (U.S. Department of the Army, 1997).  
B. CURRENT HEAVY BRIGADE COMBAT TEAM CONFIGURATION 
The U.S Department of the Army (2010a) defines the contemporary operational 
environment as “an environment that consists of eleven subordinate characteristics.  
These subordinate characteristics are: The physical environment, time, military 
capabilities, economics, technology, information, regional and global relationships, the 
nature of the state, external organizations, national will, and cultural awareness” (p. 1–1).  
For the United States military to fight and win the nation’s wars, all of the subordinate 
characteristics of the operational environment must be addressed.  Effective 
communications of data and voice traffic between headquarters (HQ) and subordinate 
elements on the battlefield are a key factor in ensuring that all of the subordinate 
characteristics of the OE are synchronized.   
GMR aids the fulfillment of the ground commander’s understanding of the 
operational environment by allowing a close to real-time understanding of the physical 
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environment through increased interoperability with legacy communications systems.  
GMR is designed to operate within the current brigade communications architecture.  
GMR will provide ground commanders with a radio suite capable of operating within the 
confines of SINCGARS radio networks and will augment that network with a WNW 
capable of sending and receiving live video feed and data to enhance situational 
awareness and aid in decision making.  Due to GMR’s ability to send and transmit live 
video and data, GMR will allow the ground commander to make decisions based on near 
real-time information.   
1.   Heavy Brigade Structure 
Following America’s entry into the Global War on Terrorism in 2001, the Army 
began to transform the structure of its fighting units.  This transformation was made 
necessary by two major factors: the conclusion of the cold war and the realization that 
Army units are required to be more mobile and self-sufficient to counter the threats posed 
by an irregular enemy.  Prior to 2001, the Army’s smallest “self-contained” and 
deployable unit was the Division.  A typical Army Division is made up of 10,000 to 
15,000 soldiers.  The Division consisted of three maneuver Brigades, and an aviation 
Brigade.  This structure was well-suited for countering the threat posed by the former 
Soviet Union; however, it proved to be inefficient in countering emerging threats posed 
by non-nation actors equipped more with ideology than technology and equipment.  To 
provide flexibility, the Army restructured its Divisions into smaller, more mobile, and 
more technologically-equipped Brigade Combat Teams capable of deploying and 
sustaining operations for prolonged periods of time.  This restructuring process is known 
as modularity and has allowed the Army to maintain economy of force by deploying the 
appropriate level of combat power to meet emerging threats, while ensuring that 
maximum combat power is available to be applied to the enemy’s center of gravity (U.S. 
Department of the Army, 2008a).   
The Army HBCT is a mechanized infantry and armor-based organization 
consisting of a Brigade HQ element, a Brigade Special Troops Battalion (BSTB), two 
Combined Arms Battalions (CABs), a Reconnaissance Squadron, a Field Artillery (FA) 
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Battalion, and a Brigade Support Battalion (BSB) (U.S. Department of the Army, 2010a).  
A HBCT consists of approximately 3,700 Soldiers.  Figure 1 displays the organization 
structure of an HBCT.  The abbreviations utilized in Figure 1 are explained in the 
acronym list on page xv.  The HBCT has the ability to deploy and sustain itself with no 
additional logistics support.  In this way, the HBCT represents the Army’s lowest level of 
autonomous deployment readiness.   
 
 
Figure 1.   Heavy Brigade Combat Team Structure  
(From U.S. Department of the Army, 2010a, p. 1-7) 
a.  Heavy Brigade Combat Team Headquarters Composition 
The HBCT is commanded by an Army Colonel (O-6).  The HQ consists of 
the Command Group, Current Operations Planning Section, Current Operations Fire 
Support and Tactical Air-control sections, Fire Support and Protection Section, 
Movement and Maneuver Section, Sustainment Section, C4 Operations Section, Tactical 
Assault Center, and the Brigade Company HQ.  The HBCT HQ is the most 
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communication-centric component of the HBCT and performs two primary roles: Provide 
planning and battle-tracking functions for the Brigade, and allow the Brigade 
Commander and Deputy Commander to command and control the Brigade from either 
the Tactical Operations Center (TOC) or their command vehicle.  The Brigade 
Commander cannot effectively command his subordinate elements on the battlefield 
without the ability to effectively communicate (U.S. Department of the Army, 2010a).  
Additionally, the Brigade Executive Officer and staff cannot execute and synchronize the 
Brigade Commander’s plan without the ability to receive intelligence and status reports 
from subordinate Battalion Staffs.  A primary characteristic of the HBCT is its ability to 
operate on the offense and in static modes.  All communications equipment must be 
effective when operating from a combat vehicle via vehicle on-board antennas and when 
operating in a static position utilizing telescoping and erectable large antennas such as the 
OE-254. The U.S. Department of the Army (2010a) describes the HBCT as a “balanced 
combined arms units that execute operations with shock and speed.  Their main battle 
tanks, self-propelled artillery, and fighting vehicle-mounted Infantry provide tremendous 
striking power” (p. 1-7).  
The HBCT HQ section must be able to send and receive voice 
transmissions, data transmissions, and video feeds from subordinate elements as well as 
units outside of the HBCT structure.  If one or more methods of communication are 
unavailable, then the Brigade Commander and the HBCT TOC are severely degraded.  
The Brigade Signal Company, a subcommand of the BSTB, provides the signal capability 
to the HBCT HQ element.  
b. Heavy Brigade Combat Team Brigade Special Troops Battalion 
Composition 
The U.S. Department of the Army (2010a) provides detailed information 
on the organization and operations of the BSTB: 
The Brigade Special Troops Battalion (BSTB) provides command and 
control to the HBCT headquarters and headquarters company (HHC), 
engineer company, military intelligence company, brigade signal 
company, military police platoon, and Chemical, Biological, Radiological, 
and Nuclear (CBRN) reconnaissance platoon of the HBCT. It also has a 
 10 
BSTB HHC to provide administrative, logistic, and medical support to its 
organic and attached units. It is responsible for the security of all [H]BCT 
[Heavy Brigade Combat Team] command posts (CP) and can, on order, 
plan, prepare, and execute security missions for areas not assigned to other 
units in the Brigade area of operations (AO). Its units can defeat small 
local threats and, with augmentation or control of some of its organic units 
such as military police, it can organize response forces to defeat threats 
that are more organized. (p. 1-8) 
The HBCT BSTB is commanded by an Army Lieutenant Colonel (O-5) 
and consists of a HQ element, a signal company, a military intelligence company, and a 
combat engineer company.  The BSTB consists of combat enablers traditionally 
belonging to higher echelons of command prior to the introduction of modularity.  These 
enabler companies provide the HBCT with an ability to deploy independently of the 
parent divisional structure.  The BSTB is a new Battalion structure and utilizes a mixed-
unit concept in order to provide capabilities of multiple combat support units to the 
Brigade Commander (U.S. Department of the Army, 2010a).   
c. Heavy Brigade Combat Team Combined Arms Battalion 
Composition 
The two CABs provide the HBCT with the majority of its combat power.  
The U.S. Department of the Army (2010a) defines the CAB as follows:  
The combined arms battalion (CAB) is the HBCTs primary 
maneuver force. The CAB’s mission is to close with, and destroy or defeat 
enemy forces within the full spectrum of modern combat operations. A 
CAB maintains tactical flexibility within restricted terrain. It is organized 
in a “2-by-2” design, consisting of two tank companies and two rifle 
companies. Companies fight as combined arms teams with support from 
the CAB’s organic 120mm mortars, scout platoon, and sniper squad. 
Unlike battalions in the IBCT [Infantry Brigade Combat Team] or SBCT 
[Stryker Brigade Combat Team], the CAB has a countermine team 
transporting mine clearing blades and rollers for issue to the tank 
companies. [Field Manual] 3–90.5 provides the basic doctrinal principles, 
tactics, and techniques of employment, organization, and tactical 
operations appropriate to the CAB. (p. 1-8) 
Each CAB consists of two tank companies with a composition of 14 main 
battle tanks each, two mechanized infantry companies with a composition of 14 Bradley 
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Fighting Vehicles and accompanying Infantry Squads, a reconnaissance platoon, a 
120mm mortar platoon, and a HQ element (U.S. Department of the Army, Training and 
Doctrine Command, 2010b). 
d. Heavy Brigade Combat Team Reconnaissance Squadron 
Composition 
The HBCT relies on information about the enemy and environment to 
facilitate the execution of the mission.  The U.S. Department of the Army (2010a) defines 
the HBCT Reconnaissance Squadron as:   
The reconnaissance squadron’s fundamental role is to perform 
reconnaissance. As the “eyes and ears” of the HBCT commander, the 
reconnaissance squadron provides the combat information that enables the 
commander to develop situational understanding (SU), make better and 
quicker plans and decisions, and visualize and direct operations to provide 
accurate and timely information across the area of operations (AO). It also 
has the capability to defend itself against most threats. The reconnaissance 
squadron is composed of four subordinate elements: one headquarters and 
headquarters troop (HHT) and three ground reconnaissance troops 
equipped with M3 cavalry fighting vehicles (CFV) and armored wheeled 
vehicles. In large AOs, aerial reconnaissance assets usually are attached or 
placed under operational control to the squadron to extend its 
surveillance range. [Field Manual] 3–20.96 provides the basic doctrinal 
principles, tactics, and techniques of employment, organization, and 
tactical operations appropriate to the squadron. (p. 1-8) 
The HBCT Reconnaissance Squadron serves as the “eyes and ears” of the 
HBCT commander (U.S. Department of the Army, 2010a).  The Reconnaissance 
Squadron acts as the hunters and has the primary mission of providing early warning, 
conducting counter-reconnaissance, and locating the enemy’s position on the battlefield.  
The Reconnaissance Squadron consists of three company-sized elements, known as 
troops, consisting of M3 Bradley Scout Vehicles.  The Reconnaissance Squadron brings 
enough firepower to the battlefield to destroy enemy tanks and armored infantry carriers; 
however, its primary role is to find the enemy and allow the CABs to destroy the enemy 
main body (U.S. Department of the Army, 2010a).  
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e.   Heavy Brigade Combat Team Artillery Battalion Composition 
The HBCT relies on available and responsive indirect artillery fires to 
enable the Commander’s intent and facilitate freedom of maneuver for friendly forces.  
The U.S. Department of the Army (2010a) describes the HBCT FA Battalion in the 
following manner:   
The HBCT fires battalion provides responsive and accurate fire 
support including close supporting fires and counterfire. The fires 
battalion has 16 self-propelled 155-mm howitzers (M109A6 Paladin) in 
two 8-gun batteries, each with two 4-gun firing platoons. The fires 
battalion has one AN/TPQ-36, one AN/TPQ-37 counterfire radar and four 
AN/TPQ-48 lightweight countermortar radars (LCMR). See [Field 
Manual] 3-09.70 for additional information on M109A6 Paladin howitzer 
operations. (p. 1-8) 
The FA Battalion consists of two company-sized elements, known as 
batteries.  These batteries are composed of eight M109A6 Paladin self-propelled 
howitzers capable of firing 155mm projectiles accurately out to a maximum range in 
excess of 25 Km.  The FA Battalion provides the Brigade with the ability to interdict, 
harass, destroy, and conceal friendly movements through the application of high 
explosive (HE), illumination, and smoke rounds.  Next to the Brigade HQ element, the 
FA Battalion is the most communications-intensive organization in the Brigade.  The 
need to quickly synchronize indirect fires with the rest of the Brigade highlights the need 
for interoperability between radio frequencies and types (U.S. Department of the Army, 
2010a).   
f.   Heavy Brigade Combat Team Support Battalion Composition 
The HBCT cannot operate effectively without a reliable means of 
supplying the force.  The U.S. Department of the Army (2010a) describes the BSB as:   
The Brigade Support Battalion (BSB) is the organic sustainment unit of 
the HBCT. The BSB has four forward support companies that provide 
support to each of the CABs, the field artillery (FA) battalion and the 
reconnaissance squadron. These forward support companies provide each 
battalion commander with dedicated logistics assets (less Class VIII 
organized specifically to meet the battalion’s requirements. The BSB 
headquarters (HQ) has a distribution management section that receives 
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requests, monitors incoming supplies, and constructs, manages, and 
distributes configured loads. The BSB also has a supply and distribution 
company, a field maintenance company, and a medical company assigned 
to ensure that the HBCT could conduct self-sustained operations for 72 
hours of combat. (p. 1-8) 
Due to the HBCT’s reliance on tanks and armored infantry fighting 
vehicles, fuel and maintenance assets are necessities to ensure that the HBCT remains 
ready to fight (U.S. Department of the Army, 2010a).  The BSB provides maintenance, 
medical, supply, and direct support units to every subordinate battalion in the brigade 
structure.  The BSB is a critical enabler; without the organic support and sustainment 
assets of the BSB, the HBCT would quickly become ineffective (U.S. Department of the 
Army, 2010a).   
2.   Heavy Brigade Radio Architecture 
The HBCT’s primary method of communications on the battlefield is through the 
use of voice communications.  The SINCGARS radio is the post prevalent radio system 
in the HBCT and provides the majority of radio communications.  Data systems such as 
the Enhanced Position Location and Reporting System (EPLRS) augment voice 
communications with a data sending service that provides units with the ability to send 
and receive messages via e-mail like interfaces.  The entire HBCT communications 
architecture is tied together with high bandwidth communications nodes located with the 
Brigade and Battalion Headquarters elements.  These systems are known as the JNN, and 
CPN (U.S. Department of the Army, Training and Doctrine Command, 2010b).   
a. Heavy Brigade Radio Communications Systems 
The HBCT can be divided into one major communications node, the 
Brigade HQ, and six intermediate communications nodes, the subordinate Battalion HQ.  
The HBCT radio architecture is built around the SINCGARS radio system that provides 
the ability to transmit two way voice messages in half-duplex (HDX) mode (U.S. 
Department of the Army, Training and Doctrine Command, 2010b).  HDX allows one-
way voice traffic.  HDX allows one radio to send messages over a given frequency while 
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all other radios on that frequency receive the message.  HDX-type radios are commonly 
known in the civilian market as “walkie-talkies.”   
An advantage that SINCGARS radios have over earlier military radio 
systems is the ability to encrypt message traffic over a wide range of frequencies.  This 
encryption technique is known as frequency hopping.  Frequency hopping is enabled by a 
specific set of instructions to all radios in the network.  These instructions must be 
manually loaded into each radio and allow message traffic to be transmitted via HDX 
mode over many individual frequencies per second.  Frequency hopping negates the 
effect of enemy jamming on the SINCGARS network and reduces the overall 
electromagnetic spectrum emitted by individual radios.  The military nomenclature for 
the SINCGARS radio is commonly stated as the Army Navy, Vehicle Radio 
Communications (AN/VRC) 92F, the Army Navy, Portable Radio Communications 
(AN/PRC) 119, or AN/VRC-12.  The subsequent numerical designation refers to 
different SINCGARS communications configurations (U.S. Department of the Army, 
Training and Doctrine Command, 2010b).   
A major limitation of SINCGARS radios is their necessity to transmit 
messages via line-of-sight.  A rule of thumb to keep in mind when planning operations 
around SINCGARS radio limitations is that the antennae of one radio must be able to 
visually see the antenna of the radio to which the transmission is made.  The planning 
radius for radio transmissions on the SINCGARS network is generally accepted to be 
around 8 kilometers line-of-site.  In the event that an obstruction blocks radio line-of-
sight, SINCGARS has the ability to retransmit data via a retransmission station.  Figure 2 
illustrates the use of a SINCGARS retransmission station to increase the message radius 




Figure 2.   SINCGARS Retransmission (From GlobalSecurity.org, 2011) 
In the event that a unit is operating outside of the transmission radius of a 
SINCGARS radio, the HBCT employs the Army Navy, Personal SATCOM (AN/PSC) 5.  
The AN/PSC-5 can be encrypted similarly to the SINCGARS radio system allowing 
resistance to jamming and interoperability with the SINCGARS network.  The AN/PSC-5 
is commonly referred to as either the SATCOM or Spitfire radio (U.S. Department of the 
Army, Training and Doctrine Command, 2010b).  The AN/PSC-5 extends the range of 
the HBCT radio network by multiples of ten as traffic is sent and received via the use of 
geosynchronous earth orbiting satellites.  AN/PSC-5 makes up roughly 10% of the total 
radios in the HBCT radio architecture.   
An additional radio system in use in the HBCT structure is the EPLRS.  
EPLRS can be encrypted in the same way as SINGARS and SATCOM systems and is 
used as a “data hauler.”  EPLRS radios allow units in the HBCT structure to send and 
receive data packets consisting of individual vehicle locations, e-mail messages, orders, 
and graphic control measures (U.S. Department of the Army, Training and Doctrine 
Command, 2010b).  EPLRS radios work in conjunction with the Force 21, Battle 
Command, Brigade and Below (FBCB2) system to provide the HBCT Commander, 
Battalion and Company-level Commanders, and individual vehicle commanders in the 
HBCT, with a common operating picture of the battlefield.  Figure 3 displays the 
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information available to units equipped with EPLRS and FBCB2.  The information 
available to FBCB2 users includes:  current position of the system (both as depicted as a 
blue icon and displayed via military grid reference system (MGRS) to the right of the 
screen shot; position of other units and vehicles equipped with FBCB2; known locations 
of enemy units on the battlefield (via red icons); and satellite and topographical map 
information.  Functions that the EPLRS and FBCB2 provide include: an ability to 
monitor the location of friendly units; the ability to send graphic control measures to all 
units with EPLRS and FBCB2 capability; and the ability to send data messages and 
orders via the FBCB2 system rather than over traditional Frequency Modulation (FM) 
communications channels (U.S. Department of the Army, Training and Doctrine 
Command, 2010b).   
 
 
Figure 3.   FBCB2 Screen Shot (From U.S. Department of the Army, 2008b, 
 p. 0006-5) 
b. HBCT Communications Nodes 
The final two critical communications systems currently in use in the 
HBCT radio architecture are the Joint Network Node (JNN), and the Command Post 
Node (CPN).  The JNN is located in the HBCT HQ element and serves to send and 
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receive large amounts of data traffic from echelons above Brigade as well as down to the 
subordinate Battalions (U.S. Department of the Army, Training and Doctrine Command, 
2010b).  The CPNs are located in the subordinate Battalion HQ and serve to send and 
receive data from the Brigade HQ and transmit data to units subordinate to the Battalion.  
The primary purpose of the JNN and CPN is to allow the HBCT access to the GIG and to 
provide sufficient bandwidth to operate secret and unclassified e-mail services and the 
Army Battle Command System (ABCS) (U.S. Department of the Army, Training and 
Doctrine Command, 2010b).   
The SINGARS, SATCOM, EPLRS, FBCB2, JNN, and CPN operate via a 
hub and extended spoke construct.  These systems work in concert to allow the Brigade 
Commander to effectively command and control the HBCT on the battlefield.  Figure 4 
depicts the HBCT radio architecture and describes how each radio system sends and 
receives data to provide command and control (C2) on the battlefield (U.S. Department 
of the Army, Training and Doctrine Command, 2010b).  Figure 4 is an interpretation of 
the common hub and spoke model modified to depict the HBCT radio architecture with 
subunits.  The GMR is interoperable with SINCGARS, SATCOM, and EPLRS radios 




Figure 4.   HBCT Hub and Extended Spoke Model 
Information flow is critical to enabling the HBCT Commander to operate 
in the current operational environment.  New technologies such as unmanned aerial 
vehicles (UAV) and new information systems have created a need to send and receive 
large amounts of data.  Current force radios systems such as SINGARS, EPLRS, and 
SATCOM do not provide adequate data throughput rates to handle this large data 
throughput requirement.  Interoperability between systems is problematic.  The GMR 
will provide the HBCT Commander and subordinate unit commanders with increased 
throughput and interoperability between radio systems and will ultimately lead to 
increased situational awareness in the current operational environment.   
C. ARMY BATTLE COMMAND SYSTEMS 
ABCS are the family of software and hardware command, control, computers, 
communications, and intelligence (C4I) systems that the Army employs to plan, execute, 
and oversee operations at all echelons.  The systems were developed independently, as 
required over time, to provide functional capabilities to Army commanders, such as 
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maneuvering forces, controlling field artillery, gathering intelligence, managing supply 
and logistics, and monitoring battlefield activity.  
1. Common Operating Picture  
Collectively, ABCS systems provide commanders at the tactical, operational, and 
strategic levels of command with a common operating picture (COP), which is a 
continuously updated graphical representation of the locations of friendly forces, enemy 
forces, and other battlefield information overlaid on digital maps.  An accurate, timely, 
and comprehensive COP can help maximize SA across the battle space, facilitate the 
military decision making process (MDMP), and ultimately, enable commanders to better 
command and control military training exercises and combat operations.  When 
employed correctly, ABCS systems provide commanders with improved battlefield 
situational understanding, which, according to the U.S. Department of the Army (2010a), 
“is the complete understanding by the BCT commander of the friendly situation, the 
enemy situation (as described by current intelligence), and the sustainment situation using 
advanced, seamless information technology” (p. 9-8).   
Figure 5 is an example of a COP that was recorded during the early days of the 
U.S. invasion of Iraq in 2003.  The blue icons represent the locations of U.S. and 
coalition forces from the Army’s 5th Corps and the Marine Corps’ 1st Marine 
Expeditionary Force.  The red icons represent known enemy locations, including Iraqi 
Republican Guard units, and other battlefield information and intelligence.  In this case, 
the COP demonstrated that the Iraqi Minister of Information’s report on international 
television that Americans had not yet reached Baghdad was completely false.  
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Figure 5.   Common Operating Picture (From GlobalSecurity.org, n.d.b) 
2.  System of Systems 
ABCS encompasses 11 separate systems.  Version 6.4, which was first fielded to 
the Army’s 4th Infantry Division at Fort Hood, Texas in 2004, demonstrated that each 
system must function as part of a larger overall system, or what we refer to as a system of 
systems (Greene & Greenberg, 2010).  The primary purpose of the system of systems 
architecture is to fully integrate the multitude of separately designed systems and enable 
interoperability and seamless transfer of data between them.  Additionally, commanders 
can view information from different ABCS systems simultaneously on a single screen, 
which enables timely decision-making.  The systems are integrated using the Battle 
Command Common Services (BCCS) platform, which is a collection of hardware 
devices, such as switches, routers, and servers, and software applications that enable the 
interoperability of the systems.  Figure 6 is a graphical depiction of the ABCS system of 
systems concept. 
Army communications specialists must install, operate, and maintain robust and 
reliable communications networks to leverage the capabilities of ABCS systems that 
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generate large amounts of shared messaging, graphics, and SA data.  Because the 
integration of wireless networking technology in the Army has historically lagged behind 
the commercial sector, the availability of adequate throughput has severely constrained 
the BCT’s ability to take full advantage of the systems.  As ABCS and other information 
systems have evolved, however, the Army has invested in and fielded more advanced 
terrestrial and satellite radio communications systems capable of much higher throughput 
rates.  Communications specialists now speak in terms of megabits per second (Mbps), 
rather than kilobits per second (Kbps), as they did until just a few years ago.  The Army’s 
current force radio systems, while highly capable of providing reliable voice 
communications in a tactical environment, are not robust enough to pass the increasing 




Figure 6.   Battle Command System of Systems  
(From U.S. Department of the Army, 2010b, p. B-2) 
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a. Tactical Battle Command—Maneuver Control System and 
Command Post of the Future  
Tactical Battle Command consists of both the Maneuver Control System 
(MCS) and the Command Post of the Future (CPOF) systems.  MCS is the primary 
system that integrates data from the other ABCS systems, enabling commanders to view 
the COP.  It is the primary tool used at the BCT level for planning and synchronizing the 
maneuver of combat units on the battlefield.  It also provides commanders and staffs with 
planning tools for combat engineer and chemical, biological, radiological, and nuclear 
missions at the BCT level.  CPOF complements MCS, provides a near real-time COP, 
and provides robust map and collaboration capabilities to assist commanders and staffs 
with planning and executing tactical operations (U.S. Department of the Army, 2010b). 
b. Global Command and Control System—Army  
Global Command and Control System—Army (GCCS-A) bridges ABCS 
systems with the Global Command and Control System, a joint system used by all 
military services to manage theater level operations.  GCCS-A is not normally found at 
the BCT level, but data generated at lower levels is pushed up to the Army Division level 
for integration into the theater COP.  GCCS-A provides additional planning tools for 
receiving forces, intra-theater planning, readiness, force tracking, onward movement, and 
execution (U.S. Department of the Army, 2010b). 
c. Digital Topographic Support System 
The Digital Topographic Support System (DTSS) enables planners to 
conduct detailed terrain mapping and analysis at the BCT and higher levels.  The system 
is capable of generating digital maps for electronic use as well as printed maps for 
distribution throughout a BCT (U.S. Department of the Army, 2010b). 
d. All Source Analysis System 
The All Source Analysis System (ASAS) is the primary intelligence 
information system used at the BCT level.  The system serves as a repository for 
collecting and analyzing known information about enemy locations and activities.  ASAS 
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provides the critical enemy situation data for the COP.  ASAS is currently being replaced 
by the Distributed Common Ground System-Army (DCGS-A), a new, state-of-the-art 
battlefield intelligence system that provides BCTs with distributed intelligence, 
surveillance, and reconnaissance information (U.S. Department of the Army, 2010b). 
e. Tactical Airspace Integration System 
The Tactical Airspace Integration System (TAIS) provides air traffic 
control and airspace command and control capabilities to Army Brigade, Division, and 
Corps level units.  In a joint environment, TAIS integrates the Army’s air defense and 
airspace management cells to the joint force air component commander’s battle  
management systems.  Additionally, the system can interface with civil airspace 
management systems and feed that data into the ABCS environment (U.S. Department of 
the Army, 2010b). 
f. Advanced Field Artillery Tactical Data System 
The Advanced Field Artillery Tactical Data System (AFATDS) enables 
commanders to plan, coordinate, and execute artillery fires for the purposes of counter-
firing, interdiction, and suppression of enemy targets.  The system integrates all fire 
support capabilities including field artillery, mortars, close air support, naval gunfire, and 
attack helicopter assets.  AFATDS provides real time system and munitions status and 
availability, planned targets, and command guidance for fire support operations (U.S. 
Department of the Army, 2010b). 
g. Air and Missile Defense Workstation 
The Air and Missile Defense Workstation (AMDWS) provides air and 
missile defense planning information and SA to commanders at all levels.  The system 
integrates information from air defense sensors, such as radars, air defense artillery units, 
and command posts, into the COP.  AMDWS is the command and control component of 
the Air and Missile Defense Planning and Control System (AMDPCS) (U.S. Department 
of the Army, 2010b). 
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h. Battle Command Sustainment and Support System 
The Battle Command Sustainment and Support System (BCS3) is the 
primary logistics system in the BCT.  BCS3 enables BCT commanders and staff to 
monitor logistical and sustainment requirements, to monitor the flow of supplies through 
the system, and to practice effective supply chain management in a tactical environment.  
BCS3 produces a common logistics picture for integration into the ABCS COP (U.S. 
Department of the Army, 2010b). 
i. Integrated Meteorological System 
The Integrated Meteorological System (IMETS) is an automated weather 
system that produces weather products for planning purposes.  The system receives, 
processes, and distributes weather information from the Army Corps level down to the 
BCT level.  IMETS analyzes and graphically depicts how the weather will impact 
friendly and enemy capabilities on the battlefield (U.S. Department of the Army, 2010b). 
j. Force XXI Battle Command Brigade and Below 
FBCB2 is an innovative, vehicular-mounted and tactical operations center 
based computer system that enables BCT elements to monitor friendly and enemy 
positions, send messages, and observe shared battlefield graphics in near real-time.  The 
terrestrial version uses an EPLRS radio and SINCGARS to exchange data throughout the 
network.  The FBCB2 Blue Force Tracking (BFT) version uses a special satellite receiver 
to accomplish this.  Each individual system has its own Global Positioning System (GPS) 
device to establish current time and location information.  FBCB2 is unique from the 
other ABCS systems because the system is installed in vehicles and operations centers 
throughout the BCT (U.S. Department of the Army, 2010b). 
k. Integrated System Control / Tactical Internet Management 
System  
The Integrated System Control (ISYSCON)/Tactical Internet Management 
System (TIMS) provides tactical network management capabilities to communications 
specialists in BCTs, to include Ethernet local area networks (LANs) and combat net radio 
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wide area networks (WANs).  The system was designed specifically to be robust and was 
tailored for Army tactical networks.  ISYSCON/TIMS enables communications and 
network managers to plan, configure, and perform fault and error management for all 
devices located on the tactical (U.S. Department of the Army, 2010b). 
l. Battle Command Common Services 
ABCS systems are integrated using the BCCS platform, which is a 
collection of hardware devices, such as switches, routers, and servers, and software 
applications that enable the interoperability of the separate systems.  The BCCS platform 
also provides non-ABCS services such as e-mail, websites, databases, collaboration 
servers, and file servers, as well as connectivity to DoD’s GIG (U.S. Department of the 
Army, 2010b). 
D. CURRENT FORCE RADIO SYSTEMS 
BCTs employ several different types of combat net radios (CNRs) to provide 
soldiers with voice and data communications on the battlefield.  The different systems 
provide unique capabilities and are integrated within TOCs and vehicles throughout the 
brigade to establish a tactical radio network.  Generally speaking, radios that operate on 
lower frequencies, such as HF radios, provide greater range, lower throughput rates, and 
require more power for terrestrial communications.  Conversely, radios that operate on 
higher frequencies, such as UHF radios, provide shorter range, higher throughput rates, 
and require less power on terrestrial networks.  As such, HF and VHF radios are best 
suited for voice communications and UHF radios are best suited for data 
communications.  The Army’s UHF tactical satellite (TACSAT) radios, which do not rely 
on terrestrial line of sight, are often limited by the capacity of leased or owned satellites.  
Therefore, they are best suited for voice communications in most cases.  Table 1 provides 
the band, frequencies, distance, and throughput for HF, VHF, and UHF radios as they 




Table 1.   Frequency Bands and Terrestrial-Based Radio Characteristics 
1.   High Frequency—Falcon II Radio 
Harris Corporation’s Falcon II, or AN/PRC-150 by nomenclature, is the BCT’s 
primary HF radio.  The Falcon II provides the capability for secure, long range, point-to-
point voice and data communications, enabling commanders to command and control 
their units across great distances on the battlefield.  The Falcon II has a range 200 plus 
kilometers, especially given the radio’s Automatic Link Establishment (ALE) protocol.  
Older HF radios were very difficult to operate and required soldiers to achieve highly 
precise antenna placement to establish a communications between radios.  ALE greatly 
simplifies the process by scanning and selecting the strongest available signal.  Primarily 
an HF radio, the Falcon II can also function in VHF mode to communicate with the 
Army’s other VHF radio systems.  This provides greater flexibility and additional options 
to communications planners when establishing the tactical radio network.  The radio 
operates in the 1.6–29.9999 Megahertz (MHz) and 20–59.9999 MHz frequency ranges.  
The Falcon II can transmit and receive data at a rate of 9,600 bits per second (bps), or 9.6 
Kbps, and digital voice at a rate of 16 Kbps (U.S. Department of the Army, 2009).  




Figure 7.   Falcon II HF Radio  (From Harris Corporation, 2010, p. 1) 
2.   Very High Frequency—SINCGARS Radio 
ITT Corporation’s SINCGARS, or AN/VRC-87 through 92 and AN/PRC-119 by 
nomenclature, is the BCT’s primary VHF FM radio.  The SINCGARs is the most 
ubiquitous radio on the tactical radio network and provides secure, short range voice and 
data communications.  SINCGARS is the primary radio for voice communications 
throughout the BCT.  SINCGARS operates dynamically across 2320 different channels in 
the 30–88 MHZ frequency range.  The radio can transmit and receive data at a rate of 16 
Kbps and has a range of up to 10 kilometers without using a power amplifier and 40 
kilometers using a power amplifier.  FBCB2 uses the SINCGARS to send and receive 
SA, map, and message data throughout the tactical radio network (U.S. Department of the 
Army, 2009).  Figure 8 shows the form of a typical SINCGARS radio.   
 
 
Figure 8.   SINCGARS VHF Radio  
(From ITT Corporation Electronic Systems, 2008, p. 2) 
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3.   Ultra High Frequency—EPLRS Radio 
Raytheon Corporation’s EPLRS, or AN/VSQ-2 by nomenclature, is the BCT’s 
primary UHF data radio.  EPLRS radios are secure, data-only radios that serve as the 
backbone for the tactical Internet at the brigade level and below.  The system is capable 
of sending and receiving large amounts of data generated from operations orders 
(OPORDs), fire support plans, logistics reports, SA, cryptographic keys, radio 
configuration files, and e-mail across the tactical network at data rates of up to 488 Kbps.  
EPLRS operates in the 420–450 MHz frequency range and has a range of up to 10 
kilometers.  The EPLRS Network Management (ENM) system is a rugged laptop and 
robust set of software applications designed to manage the complex EPLRS data network 
(U.S. Department of the Army, 2009).  Figure 9 shows the front control panel of an 
EPLRS radio variant.   
 
Figure 9.   EPLRS UHF Radio (From U.S. Department of the Army,  
Program Executive Office Command Control Communications-Tactical, 2011, p. 37) 
4. Ultra High Frequency (SATCOM)—Spitfire/Shadowfire Radio 
The final type of radio currently in use by HBCTs is Raytheon Corporation’s 
AN/PSC-5 Spitfire and AN/PSC-5C Shadowfire, which are the Army’s primary UHF 
TACSAT radios.  The Army uses TACSAT to provide long range, global voice and 
limited data communications.  Because they are light, highly portable, and relatively easy 
to use, they are ideal for light infantry and special operations forces.  Free of the line of 
sight requirements of terrestrial radios, soldiers can communicate using a 
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Spitfire/Shadowfire radios worldwide.  The radios operate in the 225–399.995 frequency 
range and have a data rate of up to 9.6 Kbps.  The Spitfire/Shadowfire radios use Demand 
Assigned Multiple Access (DAMA) to maximize the efficiency of scarce satellite 
resources (U.S. Department of the Army, 2009).  Figure 10 is an operational view of a 
Spitfire/Shadowfire SATCOM radio.   
 
Figure 10.   Spitfire/Shadowfire UHF (SATCOM) Radio (From U.S. Department of 
the Army, Program Executive Office Command Control Communications-
Tactical, 2011, p. 47) 
E. GROUND MOBILE RADIO 
The DoD began development of the GMR on 24 June 2002, upon approval of the 
Defense Acquisition Board (DAB) to enter into the Acquisition Life cycle Milestone B 
which gives the program authorization to start the Engineering, Manufacturing, and 
Development phase.  It is a product of the Joint Tactical Radio System (JTRS) Joint 
Program Executive Office (JPEO) (U.S. Department of Defense, Ground Mobile Radio 
Program, 2008).  The GMR program intends to decrease the communication gap in the 
Armed Forces by providing warfighters with voice, video, and data information while 
simultaneously enabling users to interoperate with multiple current force radio systems, 
including SINCGARS, EPLRS, HF, and SATCOM.  This digital networking capability 
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enables warfighters to transmit and receive vast amounts of data with the throughput 
required for information systems and enables expansion and modification of field 
networks across the vertical and horizontal battle space.  GMR is an evolutionary radio 
that enables fully networked communication that is currently impossible with current, 
single function radio systems. The GMR program is expected to start delivering this 
product to the warfighter in Fiscal Year 2012 starting with the Infantry Brigade Combat 
Team (U.S. Department of Defense, Ground Mobile Radio Program, 2008).     
1.   System Characteristics 
The GMR radio set shown in Figure 11 provides mobile Internet capability to the 
warfighter, utilizing over the air transmission of information (U.S. Department of the 
Army, Training and Doctrine Command, 2010a).  The GMR is a software-defined radio 
that employs a modular design, which enables instant reconfiguration and growth 
capability through technology insertion.  It can support up to six waveforms in its 
multichannel design and is scalable for up to four simultaneously operating channels.  
Furthermore, the GMR is interoperable with four current force radio systems and is 
equipped with route and retransmission capability enabling multiple current force radios 
to communicate with each other.  The GMR has increased throughput capability for 
transmitting video, images, and other data forms and is equipped with an internal GPS. 
(U.S. Department of Defense, Ground Mobile Radio Program, 2008).   
 
Figure 11.   GMR Radio Set (From U.S. Department of Defense,  
Ground Mobile Radio Program, 2010b, p. 3) 
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a. Software-Defined  
The GMR is a software-defined and software-reprogrammable radio 
system that improves configuration, reconfiguration, and expandability through software 
upgrades.  Alonistioni, Dillinger, and Mardani (2003) define a software defined radio as 
“a concept [that] introduces flexible terminal reconfiguration by replacing radios 
completely implemented in hardware by ones that are configurable or even 
programmable in software” (p. xxxiii).  Users can configure and reconfigure the radio in 
an operational environment to fit changing mission needs, including task re-organization, 
communication plan changes, changes to the mission area, and local restrictions (U.S. 
Department of the Army, Training and Doctrine Command, 2006).  Furthermore, 
software upgrades can expand and improve system performance without requiring the 
system to be evacuated and replaced with new systems (U.S. Department of the Army, 
Training and Doctrine Command, 2010a).  This simplifies future growth, allowing GMR 
to be a viable system, capable of keeping up with growing requirements well into the 
future.   
b. Modular Design 
The GMR uses a modular design through the use of multiple Line 
Replaceable Units (LRUs), shown in figures 12 through 22, which offer greater flexibility 
in functionality and upgradability.  The U.S. Department of the Army, Training and 
Doctrine Command (2010a) defines modular as “a design concept in which 
interchangeable units are used to create a functional product” (p. CC-11).  These 
interchangeable units or LRUs allow for the flexibility of operational use since operators 
can chose the LRUs required to meet a particular mission’s communication requirements. 
Users can also change out LRUs when the mission is modified or changed.  Furthermore, 
modularity provides a cost-effective method for modification and upgrades to the system 
after it is fielded and improves servicing of damaged LRUs.  The entire system does not 
require evacuation for technology refreshes since the LRU that is affected can be easily 
removed and replaced with an upgraded unit (U.S. Department of the Army, Training and 
Doctrine Command, 2010a).  This also means that the entire GMR radio system does not 
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require reengineering or redesign when technological advances are developed, only the 
affected individual LRUs must be changed.   
The first LRU in the GMR radio system is the Networking INFOSEC Unit 
(NIU) shown in Figure 12 which provides the radio with the processing power required to 
make the system function.  It can operate up to four simultaneous channels and hosts the 
external interfaces required to operate with other systems.  The NIU also houses the 
crypto sub-system that provides multiple independent levels of security to all traffic sent 
from the GMR radio system (U.S. Department of Defense, Ground Mobile Radio 
Program, 2009).   
 
 
Figure 12.   Networking  INFOSEC Unit (From U.S. Department of Defense,  
Ground Mobile Radio Program, 2010b, p. 8) 
The Universal Transceiver (UT) shown in Figure 13 is used to operate a 
particular waveform and represents an individual channel in the GMR system (U.S. 
Department of Defense, Ground Mobile Radio Program, 2009).  The UT enables users to 
transmit and receive voice and data communications; utilizing a particular waveform in 
frequencies ranging between 2MHz to 2GHz and one UT is required for each waveform 
in operation.  Due to the scalability of the GMR, the system has the capability of utilizing 
between one and four UTs or channels simultaneously (U.S. Department of Defense, 




Figure 13.   Universal Transceiver (From U.S. Department of Defense,  
Ground Mobile Radio Program, 2010b, p. 8) 
The Ground Vehicular Adapter (GVA) in Figure 14 is the chassis for the 
main radio components supporting one NIU and up to four UTs and provides the 
electronic interfaces and power required by these LRUs (U.S. Department of Defense, 
Ground Mobile Radio Program, 2009).  The backplane houses a GPS Selective 
Availability Anti-Spoofing Module (SAASM) that provides the GPS time required to 
synchronize communications between multiple GMRs.  Furthermore, external systems 
that require GPS interfaces are able to utilize the GMR position location data precluding 
the need for additional external GPS systems (U.S. Department of Defense, Ground 
Mobile Radio Program, 2009).   
 
 
Figure 14.   Ground Vehicle Adapter (From U.S. Department of Defense,  
Ground Mobile Radio Program, 2010b, p. 8) 
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The Portable Control Display Device (PCDD) shown in Figure 15 is the 
human machine interface (HMI) for the GMR system and enables users to operate the 
radio (U.S. Department of Defense, Ground Mobile Radio Program, 2009).  The PCDD 
allows users to control the functions of the radio and the waveforms that are supported by 
the system.  It has the capability to be remotely displaced up to 20 meters away from the 
radio when docked in the Local Docking Station (LDS) shown in Figure 16.  The LDS 
provides additional ports for interface with handsets, Vehicular Intercommunication Sets, 
and key fill devices (U.S. Department of Defense, Ground Mobile Radio Program, 2009).   
 
 
Figure 15.   Portable Control Display Device (From U.S. Department of Defense,  
Ground Mobile Radio Program, 2010b, p. 8) 
 
 
Figure 16.   Local Docking Station (From U.S. Department of Defense,  
Ground Mobile Radio Program, 2010b, p. 8) 
The VHF/UHF Power Amplifier (VUPA) shown in Figure 17 provides up 
to 100 watts of Radio Frequency (RF) amplification to the SINCGARS, EPLRS, and 
SATCOM waveforms (U.S. Department of Defense, Ground Mobile Radio Program, 
2009).  It is a forced air cooled amplifier that can control the fan speed of the Dual Power 
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Amplifier Mount (DPAM) shown in Figure 18.  The DPAM provides the fan mechanism 
necessary to keep the VUPA within operating temperature requirements and can hold up 
to two VUPAs in one mount (U.S. Department of Defense, Ground Mobile Radio 
Program, 2009).   
 
 
Figure 17.   VHF/UHF Power Amplifier (From U.S. Department of Defense,  
Ground Mobile Radio Program, 2010b, p. 8) 
 
 
Figure 18.   Dual Power Amplifier Mount (From U.S. Department of Defense,  
Ground Mobile Radio Program, 2010b, p. 8) 
The Wideband Power Amplifier (WBPA) shown in Figure 19 provides up 
to 100 watts of RF amplification to the WNW and SRW waveforms (U.S. Department of 
Defense, Ground Mobile Radio Program, 2009).  The WBPA utilizes the same DPAM in 
Figure 18 as the VUPA and is also a forced air cooled amplifier that can control fan 
speed.  Up to two WBPAs can fit in a single DPAM (U.S. Department of Defense, 




Figure 19.   Wideband Power Amplifier (From U.S. Department of Defense,  
Ground Mobile Radio Program, 2010b, p. 8) 
The HF Power Amplifier (HFPA) shown in Figure 20 provides up to 175 
watts of RF amplification to the HF waveform (U.S. Department of Defense, Ground 
Mobile Radio Program, 2009).  The HFPA is a modified Commercial Off-the-Shelf 
(COTS) unit that connects to the HF Coupler shown in Figure 21.  The HF Coupler 
Provides impedance matching between the HFPA and the HF antenna and is also a COTS 
item. It includes the RF safety device and HF Coupler Mount required when installing the 
LRU to a given platform (U.S. Department of Defense, Ground Mobile Radio Program, 
2009).   
 
 
Figure 20.   High Frequency Power Amplifier (From U.S. Department of Defense,  




Figure 21.   Ground HF Coupler (From U.S. Department of Defense,  
Ground Mobile Radio Program, 2010b, p. 8) 
The SATCOM Antenna Interface Unit (AIU) shown in Figure 22 connects 
the VUPA to the SATCOM Antenna (U.S. Department of Defense, Ground Mobile 
Radio Program, 2009).  It provides the required filtering necessary to receive the 
SATCOM waveform signal.  One SATCOM AIU can support up to two individual 
SATCOM channel and is mounted in close proximity to the SATCOM antenna to 




Figure 22.   SATCOM Antenna Interface Unit (From U.S. Department of Defense,  
Ground Mobile Radio Program, 2010b, p. 8) 
c. Waveforms 
The GMR can support up to six different waveforms with its software 
design, giving it greater flexibility in communication means over the hardware defined  
nature of current force radios.  The U.S. Department of the Army, Training and Doctrine 
Command (2010a) defines a waveform as a: 
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Known set of characteristics, for example, frequency bands, modulation 
techniques, message standards, and transmission systems…[that] is used 
to describe the entire set of radio functions that occur from the user input 
to the RF output and vice versa. (p. CC-15) 
This translates to a representation of a signal, through the use of software applications, 
that emulates the characteristics of hardware defined radios.  Furthermore, the GMR 
waveform suite is downloadable as a software package and can be stored in non-volatile 
memory. (U.S. Department of Defense, Ground Mobile Radio Program, 2006).   
Of the six waveforms supported by the GMR, four are current force 
waveforms that emulate the SINCGARS, EPLRS, HF, and SATCOM radios.  The GMR 
performs the same radio functions, through the use of these software waveforms, as their 
current force radio counterparts currently in use (U.S. Department of the Army, Training 
and Doctrine Command, 2006).  The ability of the GMR to mimic the same radio 
functions as the current force radio systems ensures compatibility between the GMR and 
current radios.  The remaining two waveforms supported by the GMR are the WNW and 
the SRW that increase the throughput of data transmission.   
The GMR depends on the WNW to increase data throughput while on the 
move and is the backbone of the terrestrial digital network (U.S. Department of the 
Army, Training and Doctrine Command, 2010a). This mobile networking allows 
individual nodes to rejoin the network when radios lose and then regain line of sight with 
other nodes.  The WNW utilizes a standard Internet Protocol (IP) interface that supports 
the transfer of data to and from other devices that utilize IP formats and is primarily used 
on ground, maritime, and airborne platforms.  This waveform is also utilized to transport 
data the GMR receives from dismount soldiers and unmanned systems via the SRW to 
the terrestrial network (U.S. Department of the Army, Training and Doctrine Command, 
2010a).  
The SRW software application provides increased throughput and links 
dismount soldiers and unmanned systems to mobile ground vehicles and fixed TOCs to 
increase battlefield SA (U.S. Department of the Army, Training and Doctrine Command, 
2006).  This enables improved command and control enabling commanders at all 
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echelons to receive real time updates seamlessly from subordinate elements.  The SRW, 
like the WNW, utilizes standard IP formats ensuring compatibility with other IP based 
systems (U.S. Department of the Army, Training and Doctrine Command, 2010a).   
d. Multi-Channel Operations 
The GMR is scalable and can therefore accommodate from one to four 
channels operating simultaneous but independently.  The U.S Department of the Army, 
Training and Doctrine Command (2006) defines a channel as “an independent 
operational capability providing a waveform capability.  A channel is a single processing 
path within a single JTR [Joint Tactical Radio] Set that supports all functionality required 
by a specific waveform” (p. G-4).  Specific waveforms required by an operational 
mission are selected and used on a particular UT, and together make up a particular 
channel.  Up to four UTs and independently operating waveforms can be operated on one 
GMR without degrading the performance of any operating waveform (U.S. Department 
of Defense, Ground Mobile Radio Program, 2006).  The specific operational requirement 
for simultaneous waveform and channel operation is shown in Table 2.  This table was 
generated by TRADOC and published in the GMR program’s Operational Requirements 
Document.  This table shows, for each simultaneity, the number of channels required to 
be in use and the corresponding waveforms that must simultaneously operate without 
degrading the system.  (Any given combination of waveforms is termed a simultaneity.) 
The quantity and type of waveform in each simultaneity is based on operational 
requirements for how different platforms must communicate across the HBCT.  This 
capability enables users to connect independent voice and data networks and lends to 
greater flexibility and effectiveness in operations (U.S. Department of the Army, Training 
and Doctrine Command, 2010a).  
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Table 2.   GMR Simultaneous Channel Operations (From U.S. Department of the Army, 
Training and Doctrine Command, 2010a, p. EE-2) 
e. Interoperability 
The GMR provides increased capability in performance while maintaining 
interoperability with radios already utilized by combat forces.  The U.S Department of 
the Army, Training and Doctrine Command (2010a) defines interoperability as “the 
condition achieved among communications-electronics systems or items of 
communications-electronics equipment when information or services can be exchanged 
directly and satisfactorily between them and/or their users” (p. CC-9).  Current force 
radios defined by hardware do not have the capability to interoperate with each other 
since they are designed with their own architectures allowing them to only operate with 
similar radios.  Through software configuration, the GMR can emulate SINCGARS, 
EPLRS, HF, and SATCOM and can improve interoperability of these current force radios 
by bridging dissimilar networks together through the use of route and retransmission 
discussed in the following section (U.S. Department of Defense, Ground Mobile Radio 
Program, 2008).  This capability allows users to receive real-time information without the 
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need for a human in the loop to relay information on multiple networks; this increases the 
warfighters ability to maintain information superiority.   
f. Route and Retransmission 
Through route and retransmission, the GMR enables users to integrate 
dissimilar networks into one functioning network.  The U.S Department of the Army, 
Training and Doctrine Command (2006) defines route and retransmission as “the 
capability to automatically and satisfactorily exchange user information between JTR 
System channels, normally to achieve interoperability and/or range extension” (p. G-12).  
This capability allows operators to receive information from a waveform on one channel 
and automatically send that data on another channel utilizing a completely different 
waveform (U.S. Department of the Army, Training and Doctrine Command, 2010a). 
Table 3 shows the various waveforms that the GMR supports and those waveforms that 
have the capability to cross-band between one another to form one inter-network.  By 
following the waveforms listed in the top row and the left column to the point of 
intercept, one can determine which waveforms can route and retransmit between one 
another.  N/A in the table means that the route and retransmission between those two 
waveforms is not applicable since there is no identified operational requirement for this 
capability.  Route and retransmission technology lessens user requirements to resend 
information from one type of network to another since the GMR links transmissions from 
multiple radios to form one inter-network (U.S. Department of the Army, Training and 





Table 3.   GMR Routing and Retransmission  
(From U.S. Department of the Army, Training and Doctrine Command, 2010a, p. 
EE-2) 
g. Throughput 
The GMR provides operators with the ability to transmit large amounts of 
image and video data due to the increased throughput capabilities of the system.  Comer 
(2004) defines throughput as “a measure of the rate at which data can be sent through the 
network” (p. 245) and is a key capability of the GMR.  Through the use of the WNW, the 
GMR can exchange IP based voice, image, video, and other data formats at speeds 
between 2 Mbps and 5 Mbps  (U.S. Department of the Army, Training and Doctrine 
Command, 2010a).  The SRW increases throughput between unattended systems, 
dismounts, and mobile systems with data transfer speeds between 1.2 Mbps and 2 Mbps 
(U.S. Department of the Army, Training and Doctrine Command, 2010a).  Both 
waveforms, along with the design of the GMR, support rapid, accurate, and timely 
information exchange required by our combat forces.  
2.   System Configurations 
The GMR supports multiple configurations allowing flexibility in operational 
capability depending on the mission requirements for a specific user.  Table 4 maps the 
specific waveform simultaneities from Table 2 with the number and type of LRUs in 
Figures 13 through 23 required to achieve simultaneous waveform operation.  Table 4 
shows ten different configurations identified by type one to ten, the corresponding 
 43 
number of channels, specific waveform requirement for each channel, and the number 
and type of LRUs required.  Due the modular design of the GMR, operators can choose 
various LRUs to enable communication needs dictated by their specific mission (U.S. 
Department of the Army, Training and Doctrine Command, 2010a).   
 
Table 4.   GMR System Configuration (From U.S. Department of Defense,  
Ground Mobile Radio Program, 2010a, p. 1)  
3.   Joint Enterprise Network Manager 
The Joint Enterprise Network Manager (JENM) depicted in Figure 23 is a 
ruggedized COTS laptop loaded with the JENM software developed by the Network 
Enterprise Domain (NED) within JTRS JPEO.  The JENM is a network management 
system that plans, monitors, controls, and manages the network for all networking 
waveforms on the GMR.  Additionally, the JENM interfaces with current force network 
management systems such as the Automated Communications Engineering Software 
(ACES) and the EPLRS Network Manager (ENM) in order to automate the configuration 
of the GMR when operating current force waveforms (U.S. Department of Defense, 
Ground Mobile Radio Program, 2006).  Operators utilizing the JENM can respond to 
mission changes, deliberate network reconfiguration, and task organization changes 
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rapidly and when connected to a GMR can send out updated radio configuration 
requirements over the air directly to radios within the network (U.S. Department of the 
Army, Training and Doctrine Command, 2010a).  This enables real-time updates in 
response to mission changes and precludes the requirement to manually configure the 
GMR each time a facet of the network is reconfigured.  The monitoring capability of the 
JENM allows operators to respond to degraded network performance by displaying radio 
performance information, network conditions, bandwidth availability, and network 
changes (U.S. Department of the Army, Training and Doctrine Command, 2010a).   
 
 
Figure 23.   Joint Enterprise Network Manager (From U.S. Department of Defense,  
Ground Mobile Radio Program, 2010b, p. 10) 
F. WARFIGHTER INFORMATION NETWORK-TACTICAL 
The Army learned many lessons from the U.S. invasion of Iraq in 2003 and 
throughout the sustained conflicts in Iraq and Afghanistan over the past decade.  For 
example, providing robust and reliable tactical communications during the initial 
invasion of Iraq proved to be difficult at best and near impossible at worse, given the 
swift movement and geographic dispersion of the ground forces.  Despite significant 
efforts to modernize battle command and communications capabilities at the beginning of 




Subscriber Equipment (MSE), was grossly inadequate for the movement of forces from 
Kuwait to Iraq as well as the stability and support operations that followed (Cogan, 
2007).   
A voice-messaging system by design, MSE provided limited data capabilities by 
today’s standards, relied on line of sight to establish a network, and had limited satellite 
communications capabilities.  General (Retired) William S. Wallace (2003), who 
commanded the Army’s ground forces during the invasion, testified before the House 
Armed Services Committee on October 21, 2003, stating the following:  
Not having satellite capability, most tactical CPs received connectivity 
services from Mobile Subscriber Equipment (MSE).  What capability 
MSE provides is done so at the Warfighter’s expense, as he must trade 
considerable strategic lift, force protection, key terrain, tactical flexibility, 
time of installation, and C4I capability in return for what is largely intra-
Corps voice and data service for stationary command posts that take hours 
to install.  The Army’s MSE tactical network does not effectively support 
high tempo, 21st Century maneuver warfare.  It must be replaced as 
quickly as possible. (http://www.iwar.org.uk) 
As a result of the lessons learned and the testimony of senior officers who 
experienced the perils of MSE on the ground, it was eminently clear that the Army 
needed a new tactical network backbone system immediately.  By late 2004, using 
supplemental appropriations, the Army delivered the first JNNs to Iraq, providing more 
robust and reliable satellite based tactical communications capabilities to the force 
(GlobalSecurity.org, n.d.a).  Lieutenant General Dennis L. Via (2008), while 
commanding the U.S. Army Communications-Electronics Life cycle Management 
Command (CECOM-LCMC) said this about the JNN:  
The development and fielding of the Joint Network Node over the past 
four years has resulted in a revolutionary change in command and control 
communications for our Army.  This enormous change in tactical 
networks over a relatively short period has significantly enhanced Army 
transformation as our Army transitions from the division-based structure 
to the Brigade Combat Team modular construct while a nation at war.  
(p. 3) 
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Simultaneously, the Army began intensive development of a more expansive 
system called WIN-T, which is currently in development utilizing incremental 
acquisition.  Today, WIN-T is the Army’s official program of record for tactical 
communications architecture and is managed by the U.S. Army Program Executive 
Office Command Control Communications-Tactical (PEO3CT). General Dynamics is the 
prime contractor responsible for developing the system.  The U.S. Department of the 
Army (2011) defines WIN-T as “the Army’s current and future tactical network that will 
provide seamless, assured, mobile communications for the Warfighter along with 
advanced network management tools to support implementation of a commander’s intent 
and priorities—incrementally” (p. 68).  WIN-T is planned to be developed in four 
increments.  WIN-T increments one and two are currently in production with increments 
three and four to follow. Increment 1 provides the capability for networking at the halt, 
meaning the system is only capable of transmitting and receiving while stationary.  
Increment 2 will provide for initial networking on the move.  Increment 3 will provide for 
full networking on the move.  Increment 4 will provide for protected satellite 
communications.  Figure 24 depicts the WIN-T architecture to include the various nodes 
and satellite terminals that will eventually comprise the system. 
WIN-T and the GMR system together provide a significantly improved tactical 
network for the warfighter by increasing throughput capacity to subordinate units in the 
HBCT.  WIN-T and GMR will extend the network to the edges of the HBCT formation 
and enable more capable and timely mission command throughout the organization by 
bridging the terrestrial network with the GIG.  This linkage typically occurs in the HBCT 
TOC.   
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Figure 24.   WIN-T System Architecture (From Defense Industry Daily, 2011) 
1. Increment 1—Networking at the Halt 
WIN-T Increment 1 provides networking at the halt.  The initial JNN became the 
baseline for this increment.  Increment 1 is rapidly deployable and consists of a tactical S-
250 shelter mounted on a high mobility multipurpose-wheeled vehicle (HMMWV) and a 
satellite transmission terminal (STT).  The system is compatible with joint 
communications systems and is interoperable with current force Army systems as well as 
future WIN-T increments.  According to General Dynamics (2011b), the key benefits of 
Increment 1 are that it “provides Internet-based connectivity to the Warfighter, seamless 
interoperability with current and future tactical networks, supports satellite and line of 
sight connectivity, and provides Defense Information Services Network (DISN) services 
down to Battalion level” (General Dynamics C4 Systems, 2011b).  The Army is fielding 
Increment 1 throughout the force and currently, the system provides 67% of the Army 
with satellite communications at the halt (U.S. Department of the Army, Program 




2. Increment 2—Initial Networking on the Move 
Increment 2 will expand the capabilities of Increment 1 by implementing several 
additional communications nodes on the battlefield and enabling on-the-move 
networking.  These include mobile points of presence, wireless packages for vehicles, 
and soldier network extensions.  Given the integration of these new nodes, the network 
will become an ad hoc, self-forming network with significantly increased bandwidth.  
According to General Dynamics (2011b), the key benefits of Increment 2 are that it “adds 
Warfighter mobility, extends network connectivity to Company level, leverages network 
operations software to keep mobile network infrastructure connected, simplifies the 
ability to configure the network, and increases network capacity” (General Dynamics C4 
Systems, 2011b).  The Army plans to begin fielding Increment 2 by November 2011 
(General Dynamics C4 Systems, 2011a).  
3. Increment 3—Full Networking on the Move 
Increment 3 will further expand on the capabilities of Increment 2 and provide 
full mobility and networking on the move.  Increment 3 will introduce aerial 
communications systems, such as UAVs and other communications platforms, into the 
WIN-T architecture to enable full mobility.  According to General Dynamics (2011b), the 
key benefits of Increment 3 are that it “increases Warfighter mobility, leverages the air 
tier to extend connectivity and enable reach on the battlefield, leverages Network 
Operations software to keep mobile network infrastructure connected and simplify the 
ability to configure the network, an increases network capacity” (General Dynamics C4 
Systems, 2011b).  The Army plans to begin fielding Increment 3 sometime after 2016 
(U.S. Department of the Army, Program Executive Office Command Control 
Communications-Tactical, 2011, p. 73). 
4. Increment 4—Protected Satellite Communications 
Increment 4 will complete the WIN-T program.  The Army plans to equip the 




developing.  Increment 4 will enable significantly increased protection and bandwidth by 
leveraging DoD’s planned Transformational Satellite Communications Program (TSAT) 
(General Dynamics C4 Systems, 2011b). 
G. CHAPTER SUMMARY 
In this chapter, we provided the foundation required to begin looking at 
requirements for the development of our optimization model.  In later chapters, we 
discuss the model challenges, assumptions, and inputs along with model formulation and 
implementation.  In later chapters we rely heavily on the information provided in this 
chapter to develop the requirements needed to optimize the BOIP for the HBCT.  It is 
important to understand the HBCT structure, current radio configurations, and 
capabilities that the GMR will provide to this organization.  Understanding the GMR 
increased capability in throughput, the waveforms that the system supports, current force 
radios that it emulates, and the various hardware and software configurations is 
paramount in being able to synthesize the model requirements discussed later in this 
MBA project.  Other factors that contribute to the placement of GMR, specifically, 
ABCS systems that require large amounts of throughput, WINT radio systems, and the 
JENM provide the necessary information required to understand key inputs and 
assumptions made during the development of our optimization model.   
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III. MODEL CHALLENGES, ASSUMPTIONS, AND INPUTS 
The goal of this project was to minimize the cost of the GMR BOIP for an HBCT.  
Ultimately, we set out to determine the optimal number of current force and GMR radios, 
the ideal mix of four-channel GMR and current force radio configurations, and the 
essential locations for GMRs in an HBCT to get the most utility at different GMR 
priority levels to allow for consideration of different GMR funding levels.  To 
accomplish this, we constructed an optimization model that was practical, functional, and 
based on input derived from information that was available at the time of our research.  In 
this chapter, we detail the challenges we encountered during our research, the 
assumptions we made to address these challenges, and the critical model inputs used to 
generate the optimization model and model variations. 
A. CHALLENGES AND ASSUMPTIONS 
As we gathered information for our model, we encountered several challenges 
that required us to make assumptions regarding GMR and current force radio unit costs, 
current vehicle configurations, current force radio architecture, and data throughput for 
the GMR and current force radio systems.  We based any assumptions we made on facts, 
experience, data collected through the GMR Program Office, and open source data 
collected from various locations.   
First, we considered the mounting fiscal constraints within the DoD throughout 
the course of the project.  This served as the motivation to optimize the GMR BOIP.  
Second, we could not determine the actual unit cost of a GMR, which we dealt with by 
using the best information available.  Third, due to the unavailability of cost data for two 
and three-channel GMR variants and universal transceivers, we only considered four-
channel GMRs.  Fourth, because the Army has not yet approved a GMR BOIP for an 
HBCT, we decided to focus exclusively on the HBCT organizational construct.  Finally, 
to manage complexity, we did not consider network performance in our model.  More 
information on each of these challenges, and the resulting assumptions, is detailed below. 
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1. Fiscal Challenges in the DoD 
The global financial crisis, the rising U.S. national debt, and the slowing pace of 
funding for the wars in Iraq and Afghanistan, among other things, have resulted in 
declining defense budgets and significant fiscal stress for the DoD.  The July 2011, 
Congressional debt-ceiling negotiations included projected defense budget cuts of 
$350 billion over the next ten years, constituting the first defense cuts since the 1990s 
(Dominguez, 2011).  Ashton B. Carter, Undersecretary of Defense for Acquisition, 
Technology and Logistics, recently said, “We need to take a comprehensive look at our 
spending, including, but not limited to acquisition programs” (Miles, 2011, para. 13).  
Considering DoD’s current fiscal environment, Army funding may be significantly 
constrained for the foreseeable future and as a result, the fielding of GMRs to HBCTs 
may be limited as well.  To combat this challenge, we identified multiple priority levels 
for fielding GMR, resulting in a tiered comparison of number of GMRs and total cost at 
different priority levels. 
2. Availability of GMR Unit Cost 
For many acquisition programs, unit cost data is considered For Official Use Only 
(FOUO) until the system is manufactured and fielded.  The GMR program is no 
exception; therefore, we did not have access to the official unit costs of the system.  
However, we obtained estimated cost information from a 2008 GAO report that reviewed 
the DoD’s needs for balancing investments in tactical radios and we deemed this 
information accurate enough for our model.  However, the GAO cost data was only 
available for the four-channel GMR variant; therefore we only utilized this variant in our 
analysis.  This assumption directly affected the GMR cost and quantity output of the 
optimization process and likely resulted in slightly higher than necessary overall costs of 
the recommended BOIP.  Additionally, we assumed the HBCT vehicle platforms do not 
have any size, weight, or power issues that would inhibit the installation and operation of 
the four-channel GMR radio.  Specific information on the unit costs for the GMR and 
current force radios used in our models will be covered later in this chapter (in Section B, 
Model Inputs). 
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3. Suitable for an HBCT Only 
Our analysis was based on a highly customized set of input data based on HBCT 
radio waveform requirements and specific vehicle types unique to an HBCT only.  We 
thoroughly analyzed the vehicle types in an HBCT.  We used the HBCT Fort Knox 
Supplemental Manual (FKSM) 71-8 and HBCT TOE as direct feeder documents to 
determine the radio waveform requirement for each platform in the HBCT construct.  As 
a result, the output of this report will only be applicable to an HBCT.  In cases where 
vehicles and waveform requirements in an Infantry Brigade Combat Team (IBCT) and/or 
Stryker Brigade Combat Team (SBCT) are identical, the subcomponent data may be used 
to feed other reports based on individual platform data only.  Furthermore, our analysis is 
based on an Army HBCT structure and efforts to directly apply the results to 
organizations other than the Army are not advised. However, the overall methodology 
should be directly transferrable.  
4.   Network Performance 
Our model focused on providing the number and types of GMR simultaneities and 
current force radio systems to be placed in each HBCT platform.  To manage complexity, 
we did not focus on optimizing individual radio or network performance.  We assumed 
that each radio waveform and network is interoperable with other like radio systems, and 
compatible with identical radios and waveforms.  For the purposes of this report, we did 
not examine factors such as electromagnetic interference, interference caused by one 
radio waveform on another network or waveform, and achieved throughput versus 
inherent throughput.  As a result, the optimized BOIP solution only included the 
appropriate mix of radios per platform to satisfy the waveforms requirements.  The 
analysis of the data did not include the effects on network performance; however, this 
may be a point of further research and will be discussed later in this report.   
5. Suitable for Analyzing Cost Data Only 
The model was designed to determine the optimal lowest cost solution for issuing 
GMR to an HBCT.  As a result, the model would have to be restructured and/or 
reformulated to optimize data other than cost, such as network performance (as we just 
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discussed), power and space utilization, or any other variable of interest related to GMRs 
or current force radios in an HBCT.  Additionally, the model determined the optimal 
number and type of current force radio systems by platform.  The Army G-8 and other 
program planning offices could use this information to potentially reallocate current force 
radio systems throughout the Army and reduce costs.  We discuss these additional cost 
saving measures with regard to the total reduction in current force radio systems in 
chapters five and six, but we did not consider the associated transportation and fielding 
costs in this analysis. 
6. Suitable for Compatible Waveforms Only  
To simplify the model, we only examined waveforms compatible, interoperable, 
and replaceable by the GMR.  The UHF/VHF and LINK-16 radios are not compatible 
with GMR and require their own operating networks.  As a result, we omitted these 
systems because we determined that the UHF/VHF and LINK-16 systems have no effect 
on the optimal BOIP quantity of GMR radios in the HBCT.  Additionally, we only 
considered current SATCOM systems and did not analyze the affect that future satellite-
based radio systems will have on the HBCT BOIP.  
B. MODEL INPUTS  
Given the challenges and assumptions, we then determined the inputs required to 
construct the optimization model.  The inputs included unit costs for GMR and current 
force radio systems, required locations for WNW in the HBCT, locations for command 
platforms and critical C2 nodes, current HBCT waveform requirements, GMR 
simultaneities, and the total number of platforms authorized in an HBCT.  We will then 






1. Unit Costs of GMR and Current Force Radio Systems 
According to the Government Accountability Office (2008), “The average cost of 
the four-channel vehicular configuration of the JTRS Ground Mobile Radio is about 
$220,000” (p. 20).  We used this value exclusively to represent the cost of the four-
channel GMR in our model.   
The United States Army Materiel Command (USAMC) Logistics Support 
Activity (LOGSA) maintains a logistics database for all equipment in the Army’s 
inventory.  We conducted a thorough search of LOGSA’s Logistics Information 
Warehouse (LIW) portal to determine the up-to-date unit costs for each of the primary 
current force radio systems that GMR can emulate, including SINCGARS, EPLRS, HF, 
and SATCOM radio systems.  For each of these systems, the cost includes the radio, 
installation kit, and other ancillary equipment required to operate the system.   
HBCTs employ several different vehicular configurations of the SINCGARS 
VHF radio system for voice and limited data communications.  Predominantly, HBCT 
elements employ the AN/VRC-90F, the most current model of the single channel long-
range system, and the AN/VRC-92F, the most current model of the dual channel long-
range system.  For the purposes of our optimization model, we used these two systems 
exclusively to represent the single channel and dual channel variants of the SINGARS 
radio systems in the HBCT.  The current cost of an AN/VRC-90F is $7,415 and an 
AN/VRC-92F is $13,446 (U.S. Department of the Army, Logistics Support Activity).  
We rounded these costs up to $8000 and $14,000, respectively, keeping all cost data in 
our model to the thousands. 
HBCTs employ the vehicular mounted EPLRS radio system, or AN/VSQ-2C(V)1 
for FBCB2 data communications and vehicular mounted HF radio system, or AN/VRC-
104(V)3, which includes the AN/PRC-150 Falcon II radio and vehicle installation kit, for 
long range voice and limited data communications.  According to the LIW portal, the unit 
cost of an EPLRS is $24,469 (U.S. Department of the Army, Logistics Support Activity), 
which we rounded up to $25,000.  The unit cost of an HF system is $49,598 (U.S. 
Department of the Army, Logistics Support Activity), or $50,000 for our model. 
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HBCTs employ the single channel tactical satellite radio, or AN/PSC-5 Spitfire 
radio, which costs $24,602 (U.S. Department of the Army, Logistics Support Activity), or 
$25,000 for our model.  Table 5 summarizes GMR and current force radio unit costs 
according to currently available information and the LIW portal as well as rounded costs 
for model purposes. 
 
 
Table 5.   GMR and Current Force Radio Unit Costs 
2. Vehicle and Platform Categorization 
HBCTs consist of 1100 total vehicles categorized into 567 unique element, TOE 
title, paragraph description, platform type, and role combinations.  Appendix A shows the 
details for all 567 categories, including the number of total vehicles (# Platforms) 
authorized in each category.  For example, platform 207 in Appendix A depicts a CAB 
(Element) Rifle Company (TOE Title), Rifle Platoon Headquarters (Para Description), 
Bradley Fighting Vehicle (Platform Type) assigned to the Platoon Leader (Role).  CABs 
have two rifle companies (# of TOEs) with three platoon leader vehicles per rifle 
company  (# per TOE); therefore, platform 207, just one of the 567 unique combinations, 
actually represents six vehicles (# Platforms) in the HBCT.  We conducted this process 
for the entire HBCT to ensure vehicles with the same element, TOE title, paragraph 
description, platform type, and role combinations would be identically configured as 
required by the Army.  Ultimately, the model calculated the optimal number and types of 
radios for the 567 platform categories, which we then multiplied by the number of 
vehicles per platform category to determine the optimal solution for all 1100 vehicles in 
an HBCT. 
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3. Systems and Locations Requiring WNW 
HBCTs are currently, and for the foreseeable future, constrained to low 
throughput communications while conducting operations on the move.  WIN-T provides 
the data communications backbone for the HBCT, especially for data intensive 
applications such as providing SA, messaging traffic, and video transmissions.  WIN-T 
also provides the HBCT’s primary access to the GIG and global connectivity to both 
classified and unclassified networks.  However, WIN-T Increment 1, currently fielded to 
only about two thirds of the Army, only provides for satellite communications and data 
intensive networking at the halt.  WIN-T Increment 2, which will provide initial on-the-
move capability and enable higher data throughput for a mobile HBCT, is not set to be 
fielded until late 2011 and will likely take a number of years to reach a majority of the 
force. 
GMR, when fielded, will immediately help alleviate this limitation and provide 
for speedier maneuver by providing fully mobile data communications, capable of 
throughput rates of up to 5 Mbps, to the HBCT utilizing the WNW waveform.  Sampson 
(2011) highlights this unique capability in a 2011 JTRS GMR background pamphlet: 
This system delivers all-in-one, secure, multi-channel, mobile 
communications networking capability for ground vehicles with the ability 
to transfer multiple megabits of data per second on-the-move at the 
tactical edge.  It puts the full power of the Global Information Grid into 
the hands of the warfighter and takes network situational awareness 
beyond the Tactical Operations Center. (Sampson, 2011)  
Therefore, to optimize both the placement and benefit of GMRs in the HBCT, we 
feel it is critical to place GMRs wherever data requirements are the highest.  The idea is 
that GMR, in the absence of WIN-T Increment 2, will serve as the primary data hauler for 
the HBCT while conducting operations on the move, and the secondary, or contingency, 
data hauler for fixed communications in support of operations at the halt.  Ultimately, we 




a. ABCS, WIN-T, and JENM Locations 
Considering this, we thoroughly analyzed and scrubbed the current MTOE 
and FKSM 71–8 authorization documents to determine the types and locations of data 
intensive systems in the HBCT.  First, we identified the authorized types of ABCS 
systems in the HBCT, which include TBC (MCS and CPOF), DTSS, ASAS, TAIS, 
AFATDS, AMDWS, BCS3, IMETS, ISYSCON, and FBCB2.  We determined that we 
should co-locate GMRs with each of these systems, with the exception of the ubiquitous 
FBCB2 systems, which are already coupled with either EPLRS terrestrial based radios or 
BFT satellite capability.  GMR, although more capable than both EPLRS and BFT, 
would not enhance the current capability of FBCB2 enough to justify the massive costs of 
placing one with each FBCB2 in the HBCT.  Through careful analysis, we determined 
that there are 71 total platforms that have ABCS systems in the HBCT.   
Second, we identified eight total WIN-T platforms in the HBCT.  
Specifically, there are two JNNs in the brigade signal company, a CPN in each of the two 
CABs, and CPNs in the BSTB, reconnaissance troop, fires battalion, and BSB.  Placing 
GMRs locally with these WIN-T platforms will establish physical connectivity between 
the WNW terrestrial data network that GMR will provide and the WIN-T satellite 
network backbone for GIG access.  Simply speaking, the result is that the GMR and 
WIN-T systems will be both physically and wirelessly interconnected, providing a 
seamless, robust, and reliable network for Soldiers in the HBCT. 
Finally, we analyzed where the JENM systems should be placed.  In order 
for JENM to monitor and provide real-time network updates, the system must be 
connected to a GMR, which provides access to the terrestrial network.  Additionally, we 
determined that to maximize the utility and functionality of JENMs, which will provide 
essential GMR network and waveform management tools to the HBCT, the systems 
should be located where communications personnel plan and manage the tactical 
network.  Given that ISYSCON/TIMS is the primary network management tool, co-
locating JENMs where these systems already exist seems logical.  Additionally, we 
placed JENMs with each of the two JNNs to ensure that the brigade signal company can 
 59 
effectively manage the connectivity between the GMR and WIN-T networks.  In total, we 
identified a requirement for nine total JENMs in the HBCT.   
b. Command and Control Platforms 
The GMR system is a substantial upgrade from current force radio 
systems.  It is a highly capable and flexible system that provides much improved on-the-
move communications to soldiers on the battlefield.  Commanders, responsible for 
leading soldiers and commanding and controlling tactical operations, require the most 
robust and reliable systems available to achieve maximum SA and SU, provide 
leadership and direction across the battle space, and receive real-time updates from 
subordinates.  The Army has struggled historically to provide commanders with the right 
tools to accomplish this.  Therefore, we determined that each command platform at the 
brigade, battalion, and company or troop level in an HBCT should have a GMR.  After 
thoroughly reviewing FKSM 71–8, we identified 53 total command platforms in an 
HBCT. 
In addition to command platforms, we also identified other critical 
platforms throughout an HBCT that enable command and control of operations.  The key 
personnel that operate from these platforms directly support the commander, play 
significant roles in planning and executing missions, and in many cases, fulfill the role of 
the commander in his or her absence.  We identified one command and control node 
platform at each level from brigade down to company, to include the Brigade and 
Battalion S3, Company Executive Officer, and Company Operations Officer platforms.  
After thoroughly reviewing FKSM 71–8, we identified 37 total command and control 
node platforms in an HBCT. 
c. Total WNW Requirements 
Based on the locations of ABCS, JENM, WIN-T, and C2 platforms 
(command vehicles and other C2 nodes), as we discussed in the previous two sections, 
we identified 178 total WNW requirements in an HBCT.  Of these, 71 are ABCS 
locations, nine are JENM locations, eight are WIN-T locations, and 90 are C2 platforms.  
There are 42 instances, however, where multiple WNW requirements exist on a single 
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platform.  For example, platform 16 in Appendix A requires TAIS, AFATDS, and 
AMDWS.  In cases like this, we consolidated WNW requirements to ensure we did not 
place multiple GMRs on a single platform.  Table 6 provides a summary of the total 
WNW requirements in an HBCT. 
 
 
Table 6.   Summary of WNW Requirements in HBCT 
4. Consolidated Waveform Requirements 
We conducted a deliberate and thorough process to derive and consolidate the 
waveform requirements for each of the 567 platform categories, comprising 1100 total 
vehicles, in the HBCT.  First, as we discussed in the previous section, we determined the 
locations of ABCS, WIN-T, JENM, and C2 platforms in the HBCT to derive the WNW 
waveform requirements.  As a result, we determined that there are 136 total vehicles 
requiring WNW in an HBCT.  This number accounts for vehicles with more than one 
WNW requirement.  Also, to keep things simple, we only provided SRW in locations 
where WNW is required.  GMR utilizes the SRW waveform to provide increased data 
throughput for dismount soldiers and unmanned systems in an HBCT.  However, we 
assumed that current operational missions require extensive use of the SRW waveform 
and that providing a GMR at each of those locations would not be affordable.  Therefore, 
we assumed that the HBCT would utilize another type of radio system capable of 
operating the SRW to fill the waveform requirement.  As a result, for our model, we only 
provided SRW capability with a GMR where there was already a requirement for a GMR 
(through the WNW requirement).  This means that every GMR system in our model has 
one channel dedicated for WNW and one channel dedicated for SRW, at a minimum.   
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Second, we scrubbed the FKSM to determine the locations of every current force 
radio system authorized in an HBCT.  We then created a requirement for each waveform 
covered by a current force radio on its current platform (in its current location) to ensure 
that the model either leaves the current force radio there or replaces that waveform 
functionality with a GMR. Once we determined the platforms that require SINCGARS, 
EPLRS, HF, and SATCOM systems, we populated our project database with the derived 
current force waveform requirements by platform.  We determined that for all 1100 
platforms in an HBCT, there is a requirement for 1684 total SINCGARS channels and 
610 EPLRS, 93 HF, and 37 SATCOM radios.  Appendix A provides the complete listing 
of waveform requirements by platform type.  Table 7 provides a roll-up of the total 
consolidated waveform requirements in an HBCT.   
 
 
Table 7.   Consolidated Waveform Requirements in HBCT 
C. CHAPTER SUMMARY 
In this chapter, we detailed the challenges we encountered during our research, 
the assumptions we made to address these challenges, and how we derived the critical 
model inputs used to generate the optimization model.  We discussed DoD’s fiscal 
constraints, the unavailability of GMR cost data, our focus on just the HBCT construct, 
and the reason we did not model network performance.  We also detailed the model 
inputs including GMR and current force radio unit costs, systems and locations requiring 
WNW, and the consolidated waveform requirements for an HBCT.  
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IV. MODEL FORMULATION AND IMPLEMENTATION 
The purpose of the optimization model is to generate the most cost effective BOIP 
for the GMR in an HBCT while ensuring all waveform requirements specified in the 
FKSM 71–8 are satisfied.  A cost-minimizing optimization model was constructed with 
decision variables, an objective function, and constraints that determined the appropriate 
number and type of GMR radios to field to the HBCT.  A step-by-step process was 
utilized during model formulation.  First, we fully defined the model in words to 
determine the appropriate decision variables, objective functions, and constraints.  The 
first step, although time consuming, was critical and ensured that prior to developing the 
algebraic formulation, all variables and functions were clearly defined.  Formulating the 
model in words allowed us to understand the functionality of the model and to articulate 
the decision variables, objective functions, and constraints in an easily understood 
manner to minimize confusion that may occur in the later stages of model formulation.  
Next, we translated the written model into algebraic formulation.  This step allowed the 
formulation process to flow from easily understood words to variables and numbers that 
could be fed into an optimization software package.   
A. DECISION VARIABLES 
The first step in formulating the optimal lowest cost solution for GMR 
procurement and fielding was to define the decision variables.  Balakrishnan, Render, and 
Stair (2007) define decision variables as “[variables that] represent the unknown entities 
in a problem” (p. 28).  The unknown entity to be solved in this model was the number 
and type of radios to be assigned to each platform to satisfy specific waveform 
requirements at the lowest cost.  For this model, each vehicle represented a potential 
location for a GMR radio.  The letter p was used to index the platforms.  Index p takes on 
values from 1 to 567 and represented the total number of unique element, TOE title, 
paragraph description, platform type, and role combinations in the HBCT.  Figure 25 
shows the assignment of p1 to the HBCT Commander’s Bradley Fighting Vehicle 
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obtained from data in the May 2010 FKSM 71-8.  Table 8 provides an example of 
assignment of the p values to platforms 1 through 10 in the HBCT. 
 
 
Figure 25.   Index p1, HBCT Commander Platform  
(From U.S. Department of the Army, Training and Doctrine Command, 2010b) 
 
 
Table 8.   Indices p1 to p10 
The second component of each decision variable is assigned an r index and 
denotes the type of radio to be assigned to each platform p.  The indices r1 through r14 
describe four channel GMR simultaneities six through nineteen and each consists of 
specific waveform combinations described in Table 2.  GMR simultaneities one through 
five are two and three channel variants and were not used in our model due to previously 
discussed cost limitations.  The indices r15 through r20 are current force radios, 
specifically the dual channel SINCGARS, single channel SINCGARS, EPLRS, HF, and 
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SATCOM.  r15 and r16 are identical dual channel SINCGARS radios and will enable the 
model to select two of these radio systems, if optimal,  when a platform has a requirement 
for four channels of  SINCGARS.  Table 9 shows the assignment of r1 to r20 and the 
corresponding radio type and number of channels supported by each radio.   
 
 
Table 9.   Indices r1 through r20 
Together, indices p and r will be used in the definition of decision variables which 
will assign to each platform a specific combination of radios to satisfy the stated 
waveform requirement found in the constraints.  The output of the model, in the form of 
binary yes or no decision variable values, signified either the assignment of a radio or no 
assignment of a radio for each radio 1–20 and each platform 1 through 567 and will 
provided the foundation for the data output required to optimize the GMR BOIP for the 
HBCT.  Equation 4.1 provides the definition of the decision variables Xp,r. The decision 
variable Xp,r  is binary and takes on either a 1 or a 0.  A value of 1 signifies a radio 
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assignment of r to platform p while a value of 0 in a decision variable shows that a 
particular radio r is not used to satisfy the platform requirement.   
 
 , Number of radios ( )1 20 as assigned to a specific HBCT platform ( )1 567p rX r p=   −    −  (4.1) 
 
When determining the decision variables, we chose to model platform types 
instead of individual vehicles. (Recall that some platform types have more than one 
vehicle, so the model finds the optimal radio(s) for each of the 567 different platform 
type.) This was done not only to simplify the model, but was also a straight-forward way 
to enforce the requirement that different vehicles of the same platform type must be 
assigned the same radio(s).  For platforms with more than one vehicle, data post-
processing was performed to assign all vehicles within a platform type the optimal 
radio(s) found for that platform type. Due to the fact that the number of radios is not 
constrained, this simplification method should not affect the optimality of the results for 
the 1100 vehicles.   
B. OBJECTIVE FUNCTION 
The GMR would likely be issued to every vehicle in the HBCT in a scenario 
unconstrained by DoD budget limitations.  GMR provides a clear technology advantage 
over current force radio systems by increasing data throughput by a factor of ten.  In 
addition, the modular construction of the GMR can accommodate four waveforms in 
multiple combinations resulting in higher flexibility to the ground commander.  The 
higher functionality of the GMR comes at a price to the DoD and the taxpayer as the 
GMR is projected to cost $220,000 per four-channel radio (Government Accountability 
Office (GAO), 2008). The current operating environment is defined by declining DoD 
procurement and sustainment budgets.  The DoD budget is expected to increase at a 
much slower rate, and eventually level off and decline over the course of the next decade.  
This new budget reality has made it necessary to ensure that GMR procurement and 
fielding to the HBCT is conducted to provide the most functionality at the lowest cost 
while satisfying all current waveform requirements.   
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Balakrishnan et al. (2007) define the objective function as “the goal of a problem” 
(p. 28).  The goal of the model was to determine the lowest cost solution that satisfies the 
HBCT waveform requirement for each vehicle.  To correctly identify and define the goal 
of minimizing the total radio cost to the HBCT, the cost of each GMR simultaneity and 
current force radio set was analyzed.  The cost of each four channel GMR simultaneity is 
approximately $220,000 while current force radio systems range between $8,000 to 
$50,000 per radio (Government Accountability Office (GAO), 2008).  Table 10 shows 
each radio type r1 to r20 and the associated cost for each system.  
 
 
Table 10.   Radio Costs per Radio Types 
The objective function equation includes the dollar cost of each radio type, 
denoted as the constant, D.  The constant D, indexed by p and r, specifies the cost of 
placing radio r on platform p.  The inclusion of index p provides the flexibility to specify 
different costs per platform in case the costs did vary between platforms for the same 
radio type.   For this project, the costs were kept the same across platforms, as shown in  
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Table 11. The multiplication of the constant Dp,r to decision variable Xp,r then results in 
the objective function that calculates the total costs for radios assigned to each platform 
in the HBCT, as shown in Equation 4.2.   
 
 
Table 11.   Cost by Platform for Each Radio Type 
Equation 4.2 shows the objective function equation.  This equation calculates the 
total cost by multiplying the decision variable for each platform, radio type combination 
Xp,r with its associated radio cost Dp,r, and then sums these terms over the indices r  and 
p.  We recognize with the current cost information that D only needs to be indexed over 
the r, radio types; however, we utilized the p index to allow for potential consideration of 









  ∑ ∑  (4.2) 
 
C. CONSTRAINTS 
Balakrishnan et al. (2007) define constraints as “conditions that prevent us from 
selecting any value we please for the decision variables” (p. 29).  Constraints must 
consist of a left hand side and right hand side limit.  In this model, the left hand side was 
derived by determining the capability of each radio system with respect to the waveforms 
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that they can operate.  In order to show the waveform capability of each radio system, 
index w was first assigned to delineate each waveform type.  Table 12 shows the 
definition of waveforms w1 to w6.   
 
Table 12.   Indices w1 to w6  
Next, each waveform w1 through w6 was combined with variables r1 through r20 
to show the capability of each radio system in terms of the number of channels on the 
radio dedicated to the waveform, and was defined as Cw,r.  Table 13 shows the values for 
Cw,r where C is the capability, index w is the waveform, and index r is the radio and 
provides the combination of waveforms supported by each radio type.  For example, 
radio r1 provides two WNW channels, one SINCGARS channel, and one EPLRS channel 
while radio r2 provides one WNW channel, one SRW channel, one SINCGARS channel, 
and one EPLRS channel.  
 
Table 13.   Waveforms for Each Radio Type  
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To complete each constraint, a right hand side limit is required.  This right hand 
side limit is determined by analyzing the derived waveform requirements identified in 
chapter three, for each platform and is denoted as the constant Q.  Table 14 shows the 
values for Qp,w where Q is the channels requirement, p is the platform, and w is the 
waveform.  For example, platform p1 requires a minimum of one WNW, one SRW, four 
SINCGARS, one EPLRS, one HF, and one SATCOM.   
 
 
Table 14.   Required Waveforms Per Platform 
Combining the left hand side and right hand side, and introducing the greater-
than-or-equal-to inequality provides the complete equation for the constraint.  Equation 
4.3 shows the constraint equations for every platform, waveform combination, which 
ensures that enough channels are provided by radios assigned to platform p to meet the 






For every (1 6) and (1 567) p r w r p w
r
w p X C Q
=
  −    −   ≥∑  (4.3) 
 
Our second constraint ensures that the decision variable values are binary.  In 
other words, decision variable output must be either a 0 or 1 to show that either a 
complete radio system is issued to a particular platform or not.  Equation 4.4 is the 
equation for our binary constraint.   
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 , {0,1}p rX ∈  (4.4) 
 
Equations 4.5 through 4.8, summarized below, show the completed model.  In 
total there are 11,340 decision variables and 14,742 constraints.   
 
















For every (1 6) and (1 567) p r w r p w
r
w p X C Q
=
  −    −   ≥∑  (4.7) 
 
 , {0,1}p rX ∈  (4.8) 
 
D. MODEL IMPLEMENTATION 
We utilized Excel Solver to complete a proof of concept model with the HBCT 
HHC Command Group as a base.  This test model used p indices one through 10 and r 
indices one through 20 in order to ensure that the model formulation and logic was 
correct before we moved onto GAMS, a more robust modeling software package, to 
model the full 567 platform HBCT.   
The full model provided the number of GMR radios by simultaneity to be issued 
to the HBCT and the number and type of current force radio sets to satisfy the HBCT 
waveform requirements.  The total numbers of GMR radios to be fielded was determined 
as well as the cost of all current force radio sets in the HBCT.  Most importantly, the 
model provides the exact location and simultaneity to provide the lowest cost optimal 
solution for GMR and current force radio systems in the HBCT construct.  Before 
discussing the results and analysis, the model limitations are addressed.   
E. MODEL LIMITATIONS 
The model is unable to prioritize the assignment of GMR radios to specific 
platforms.  The model output will result in the assignment of a GMR radio to every 
 72 
platform requiring WNW.  In the next chapter this limitation is addressed by altering the 
waveform requirements constraints to allow a less-than-full roll-out of GMR. This is 
done by manually prioritizing GMR placement to Commanders from Brigade to 
Company level, placement to C2 nodes from Brigade to Company level, and GMR 
placement with critical ABCS data-intensive systems.  This process allowed us to 
examine the effects of decreasing the overall number of GMRs in the HBCT which may 
be necessary under budget constraints.   
The model is also limited by the input data utilized in model formulation.  We 
analyzed the May 2010 FKSM 71–8 in order to determine the appropriate number, type, 
and echelon for each vehicle in the model.  The FKSM 71–8 also included current force 
radio requirements for each vehicle.  Finally, knowledge provided from the U.S. Army 
Signal Corps was utilized in determining data-intensive ABCS system requirements.  
Only information deemed reliable and current by the project team was used as inputs to 
the optimization model.  As a result, changes to data after the model was formulated will 
not be captured as model inputs.   
F. RESULTS AND ANALYSIS 
 We implemented this model in the GAMS optimization software.  The GAMS 
model is provided in Appendix B.  We then transcribed the results into a Microsoft Excel 
spreadsheet and conducted post-results analysis to generate a legible and easily 
understood GMR BOI for the HBCT.  (Appendix C displays the optimal HBCT BOI for 
the GMR radio.)  These results were then analyzed to provide additional insights on 
potential for decreasing costs while maintaining acceptable capabilities.  
1.   Results and Comparison 
We took the optimal solution from GAMS, conducted post-results analysis, and 
analyzed the output of the model.  From the results, we generated the optimal radio mix 
by platform, determined the optimal cost for GMR and current force radios, and 
calculated the total number of current force radio reductions.  The results and comparison 
between GMR and Current Force radios are discussed in the follow-on sections.  We 
specifically provide the optimal number of radios and optimal costs by type of system 
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and provide a comparison between GMR and Current Force radios.  We additionally 
show the quantity and cost change for each radio system between the current structure of 
the HBCT and model output for the optimized BOIP.   
a.  Optimal Number of Radios by Type  
The results of our model showed that in order to satisfy the full GMR 
requirement, each HBCT will require a total of 136 GMR radios.  These GMR radios 
replaced 165 of 1,909 current force radios.  Fielding of the GMR will allow redistribution 
of the 165 current force radios to other DoD entities with recognized shortages.  
Additionally, the GMR is anticipated to enhance the HBCT radio architecture by 
providing two new waveforms, WNW and SRW, and provide increased data throughput 
throughout the HBCT architecture.  Table 15 displays the optimal number of radios by 
type, and in total, in the HBCT organization.  The optimal GMR BOI for the HBCT is 
given in Appendix C.  Appendix C displays GMR simultaneity and current force radio 
placement by platform in the HBCT construct.  For clarity, Figure 26 shows, in 
comparison format, the optimal total number of GMR and Current Force radios in an 
HBCT.   
 
 
Table 15.   Optimal Number of Radios by Type 
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Figure 26.   Optimal Number of Radios 
The total number of current radios in the HBCT is decreased by 165 when 
GMR is introduced .  Every current force radio waveform is decreased with the exception 
of the single channel SINCGARS waveform, which increases by 50 radio sets. This is 
due to situations where a dual channel SINCGARS requirement exists and one 
SINCGARS channel is filled by a GMR waveform and a single channel current force 
SINCGARs radio.  The total SINCGARS waveform requirement, when the single and 
dual channel current force SINCGARS waveform are examined together, decreases by 63 
total radios.  The total number of radio systems within the HBCT is reduced by 29 radios 
while maintaining current force radio requirements and increasing capability with the 
addition of WNW, SRW, and other capabilities that the GMR provides.  Table 16 shows 
the change in radio requirements by waveform when the optimal solution is considered.  
Figure 27 shows a comparison of the decrease in all Current Force radios and required 




Table 16.   Current HBCT Radio QTYs vs. Optimal HBCT Radio QTYs 
 
Figure 27.   Quantity Change by Radio Type 
b.  Optimal Radio Cost by Type 
The optimal GMR cost per HBCT is $29,920,000 and the total HBCT 
radio cost including GMR and current force radio systems is $59,608,000.  The current 
force SINCGARS optimal cost is $11,338,000. The current force EPLRS cost is 
$12,925,000.  The current force HF cost is $4,650,000 and the current force SATCOM 




HBCT radio costs and the Optimal HBCT radio costs.  Figure 28 shows a side-by-side 
comparison of GMR and Current Force Radio system costs for the optimal solution in 
thousands of dollars.  
 
 
Table 17.   Current HBCT Radio Cost vs. Optimal HBCT Radio Cost 
 
 
Figure 28.   Optimal Radio Costs 
When the cost of all current force radios in a current HBCT was 
examined, the total cost of all radios was $33,420,000.  When the HBCT is optimized in 
this model, the total current force radio cost is $29,688,000, a reduction of $3,732,000.  
These radios can be redistributed to other DoD elements with radio shortages in order to 
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fill requirements in the force.  Figure 29 provides comparisons in cost change between 
GMR and Current Force Radio systems.  We will examine further cost reduction 
measures in following chapters.   
 
 
Figure 29.   Cost Change by Radio Type 
2.   Additional Analysis 
Several points of further research were discovered during analysis.  The GMR 
requirements document specifies that the GMR must be able to transmit and function 
utilizing 17 distinct simultaneities.  Our optimization model showed that only three of the 
17 simultaneities were required in the optimal BOI for the HBCT.  In addition, our slack 
analysis showed that 11 platforms requiring three waveforms were assigned a four-
channel GMR.   
a.  Unused GMR Simultaneities  
The optimal GMR and current force solution only included GMR 
simultaneities 7, 8, and 18.  GMR simultaneity 7 includes waveforms WNW, SRW, 
SINCGARS, and EPLRS.  GMR simultaneity 8 includes waveforms WNW, SRW, and 2 
SINCGARS channels, and GMR simultaneity 18 includes waveforms WNW, SRW, 
SINCGARS, and SATCOM.  Simultaneities 6, 9, 10, 11, 12, 13, 14, 15, 16, 17, and 19 
 78 
are not used in the optimal solution for the HBCT.  It is important to note that the IBCT, 
and SBCT were not modeled for this project.  If the unused simultaneities in the HBCT 
are also not used in the BOI for the IBCT and SBCT, these waveform combinations may 
not be needed.  It is possible that these simultaneities could be deleted from the GMR 
requirement.  If the requirement is reduced, the overall cost of the GMR program could 
foreseeably decrease, resulting in a lower GMR unit cost.   
b.  Slack Analysis   
Slack analysis was conducted on the GAMS model output to identify 
platforms that had unused waveforms.  This analysis showed platforms where the radio 
system mix provided additional waveform capabilities beyond the requirements.  We 
were able to determine that nine platforms within the HBCT were given a four channel 
GMR, and only required three radio waveforms.  In addition, one platform was given a 
four channel GMR and a current force HF radio, resulting in an unneeded SINCGARS 
waveform.  No GMR simultaneity offers a mix of waveforms to satisfy a WNW, SRW, 
SINCGARS, and HF waveform combination.  As a result, an extra current force HF radio 
is required on platform 23.    Table 18 provides a breakout of the slack analysis for this 
model highlighting unused waveforms.    
 
 
Table 18.   Slack Analysis 
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G. CHAPTER SUMMARY 
This chapter focused on model formulation in words and algebra, model 
implementation as a proof of concept in Microsoft Excel, and model implementation in 
GAMS.  Data post-processing was performed on the results to clearly display the optimal 
number of both GMR and current force radios in the HBCT.  The results of the model 
were examined to show the total optimal number of GMR and current force radios to be 
included in the HBCT GMR BOI, and the total cost of the GMR program per HBCT.  
The results of the model were further analyzed to identify unused GMR simultaneities, 
the reduction of the total number of radios in the HBCT when GMR is considered, and a 
comparison of current force radio costs before and after the fielding of the GMR.   
The next chapter focuses on prioritizing, by vehicle type and role in the HBCT, 
the GMRs to field to the HBCT.  This analysis will allow us to determine the optimal cost 
of GMR in the HBCT when GMR requirements are reduced.  In addition, the follow-on 
variations will also show the increase or decrease in current force radios when the GMR 
quantity is reduced.  This analysis is critical due to the high cost of the GMR radio 
compared to current force radios and the increased strain on the DoD budget in the years 
to come.  Finally, we will recommend courses of action for more efficient GMR 
placement, and identify points of further analysis and insight gained during the HBCT 
BOI optimization process 
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V. PRIORITIZED BASIS OF ISSUE PLANS 
In this chapter, we describe the priority of GMR placement and analyze five 
variations of the model based on the established priority levels that we assigned for GMR 
placement in the HBCT.  We conducted further modeling and analysis of the GMR BOI 
in order to determine the effect of reducing the overall number of GMR radios in the 
HBCT.  This additional analysis was conducted to give decision makers the ability to 
choose various BOIPs based on funding constraints and capability requirements while 
being able to see the effects of each decision.  We first identified the priority of fill for 
GMR in the HBCT by determining the critical platforms for GMR placement based on 
the criticality of information flow and situational awareness to the HBCT Commander, 
and HBCT subordinate Commanders.  The GMR requirement was gradually reduced 
from variation one to variation five resulting in a lower radio cost in the HBCT and a 
reduced functionality in the HBCT structure.  The following sections detail the process 
utilized to examine the effects of a reduction in GMR on an HBCT, specifically GMR 
prioritization, model variation descriptions, and model variation results and analysis.  We 
conclude this chapter with a comparative analysis of quantities and costs across all 
variations and the original model.    
A.   MODEL VARIATIONS FOR PRIORITIZATION OF GMR PLACEMENT 
The model was modified to reflect our different priority levels of GMR 
placement.  Table 19 lists the priority for GMR placement based established priority 
levels that we assigned for GMR. Prioritization of GMR placement is first given to 
HBCT command vehicles, Battalion command vehicles, JENM and WIN-T locations.  
Model priority one consists of the minimum GMRs required to support and sustain the 
GMR network and allow the HBCT commander and HBCT subordinate commanders to 
communicate on the GMR network.  Second priority is given to Brigade and Battalion C2 
nodes.  These nodes allow commanders in the HBCT to leverage the GMR network to 
plan and disseminate operational information and orders throughout the HBCT structure.  
The third priority is for Company command vehicles.  Priority three platforms allow the 
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brigade and battalion commanders and C2 nodes to communicate directly to the company 
commander.  In many cases, the company commander is the lowest level of command in 
the HBCT and represents the smallest tactical unit in the HBCT.  The next level of 
priority is for Company C2 nodes.  Company C2 nodes equipped with GMR will allow 
companies to plan, send, and receive information via voice, video, and data and the GMR 
network.  The fifth priority is given to combat-enabling ABCS systems, specifically, 
TBC, AFATDS, ASAS, and ISYSCON.  Combat-enabling ABCS systems enable war 
fighting units to push and pull information to higher and lower echelons and update the 
HBCT Commander’s situational awareness of the battlefield.  Lowest priority is given to 
support-enabling ABCS systems: BCS3, TAIS, AMDWS, IMETS, and DTSS.  Support-
enabling ABCS systems allow the logistics commands, such as the BSB, to push and pull 
real-time supply data from higher and lower echelons.  In addition, support-enabling 
ABCS systems provide the logistics elements with a real-time view of the military supply 




Table 19.   Priority Ranking 
Initially, in the original model, GMR was issued to all vehicles with an identified 
GMR requirement.  Subsequently the GMR requirements were reduced by removing the 
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next level of priority for GMR placement.  This process was done in order to provide a 
ratio of number of GMRs fielded versus total cost of GMR procurement.  This iterative 
process of removing priority levels for priority one through six was utilized during the 
analysis phase of the project to provide recommendations.  
To create the priority-based optimization model variations, we deleted the WNW 
requirements associated with the priority levels, shown in Table 19, that would not 
require GMR in that variation, which allowed the total required quantity of GMR radios 
to change.  For example, model variation one will only examine the GMR placement for 
priority one through five platforms.  Only those platforms that have the associated role or 
data-intensive system listed in those priority levels will have a GMR placement 
requirement.  We modeled five variations of the original model by iteratively removing 
an additional level of priority shown in Table 19, from the bottom up, until only the 
priority one locations are issued a radio system capable of supporting the WNW 
waveform.   
For each variation, the original GAMS model was modified to include the 
required changes by updating the Qp,w data table to reflect the modified WNW 
requirements by platform.  Since each additional variation after the original model 
required decreasing quantities of the WNW, updates to table Qp,w were conducted to 
remove the WNW requirement for those platforms effected by the change in priority for 
that variation.   The following sections detail each variation and provide the results and 
analysis.   
1.   Model Variation One (Priority One through Five) 
Model Variation one used the same data as the original model to generate an 
optimized GMR placement solution; however, priority six platforms were removed from 
consideration (i.e. removed from those that might receive GMRs by removing their 
WNW requirement).  Priority six platforms consist of support-enabling ABCS systems.  
The HBCT combat-enabling ABCS systems, company level commander and C2 node, 
battalion and brigade commander and C2 node, JENM, and WIN-T platforms retained 
their WNW requirement as they did in the original model.  Only those support-enabling 
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ABCS system platforms had the GMR requirement removed.  Data throughput and 
logistics situational awareness would likely be negatively affected by not resourcing the 
support-enabling ABCS systems, however, the HBCT Commander would still be able to 
plan and fight the HBCT under the constraints of Model Variation 1.  Appendix D 
contains the derived waveform requirements for variation one that was used in table Qp,w 
of the GAMS model.   
2.   Model Variation Two (Priority One through Four) 
Model Variation two used the same data as model variation one to generate an 
optimized GMR placement solution; however, priority five platforms were also removed 
from consideration.  Priority five platforms consist of combat-enabling ABCS systems.  
The company level commander and C2 node, battalion and brigade commander and C2 
node, JENM, and WIN-T platforms retained their WNW requirement as they did in 
model variation one.  The likely impact of only supporting GMR priorities one through 
four is decreased planning and situational awareness for logistics and combat-enabling 
functions.  The core war fighting command and control nodes and command vehicles 
would still be issued a GMR. As a result, the HBCT Commander would still be able to 
operate with situational awareness on the battlefield; however, situational awareness at 
the logistics and combat-enabling functions would be degraded. Appendix E contains the 
derived waveform requirements for variation two that was used in table Qp,w of the 
GAMS model.   
3.   Model Variation Three (Priority One through Three)  
Model Variation three used the same data as model variation two to generate an 
optimized GMR placement solution; however, priorities were further reduced by 
removing priority four platforms from consideration.  Priority four platforms consist of 
command and control nodes at the company level.  The company level commander, 
battalion and brigade commander and C2 node, JENM, and WIN-T platforms retained 
their WNW requirement as they did in model variation two.  The likely impact of only 
supporting GMR priorities one through three is decreased planning and situational 
awareness for logistics and combat-enabling functions and decreased planning and orders 
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generation functions at the company level.  The core war fighting command and control 
nodes at the battalion and brigade level and all command vehicles would still receive a 
GMR. As a result, the HBCT Commander would still be able to operate with situational 
awareness on the battlefield, however, situational awareness at the logistics and combat-
enabling functions would be degraded and planning and orders generation for company 
commanders would be hindered. Appendix F contains the derived waveform 
requirements for variation three that was used in table Qp,w of the GAMS model.   
4.   Model Variation Four (Priority One and Two)  
Model Variation four used the same data as model variation three to generate an 
optimized GMR placement solution; however, priority three platforms were removed 
from consideration.  Priority three platforms consist of company command vehicles.  The 
battalion and brigade commander and C2 node, JENM, and WIN-T platforms retained 
their WNW requirement as they did in model variation three.  The likely impact of only 
supporting GMR priorities one and two is decreased planning and situational awareness 
for logistics and combat-enabling functions.  Decreased planning and orders generation 
functions at the company level, and decreased situational awareness and planning 
capability at the company commander level.  The core war fighting command and control 
nodes at the battalion and brigade level and command vehicles at the brigade and 
battalion level would still receive a GMR.  As a result, the HBCT Commander would still 
be able to operate with situational awareness on the battlefield, however, situational 
awareness at the logistics and combat-enabling functions would be degraded and 
planning and orders generation for company commanders would be hindered.  In 
addition, information dissemination from battalion and brigade headquarters to the 
company level would be severely degraded.  This model variation represents the first 
major decrease in the HBCT Commander’s situational awareness at the tactical level.  If 
model variation four BOIP is implemented, the HBCT Commander and battalion and 
brigade command and control elements would not be able to effectively push voice and 
video data to the company level.  Appendix G contains the derived waveform 
requirements for variation four that was used in table Qp,w of the GAMS model.   
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5.   Model Variation Five (Priority One Only)  
Model Variation five used the same data as model variation four to generate an 
optimized GMR placement solution; however, the requirements are further reduced by 
removing priority two from consideration.  Priority two platforms consist of command 
and control nodes at the battalion and brigade level.  However, the battalion and brigade 
commander, JENM, and WIN-T platforms retained their WNW requirement as they did 
in model variation four.  The likely impact of only supporting GMR priority one is 
decreased planning and situational awareness for all elements of the HBCT.  In this 
model variation, only brigade and battalion command platforms and the platforms 
necessary to support the GMR network were given a GMR.  Only resourcing priority one 
platforms would likely result in decreased planning and orders generation functions at all 
levels of the HBCT.  As a result, the HBCT Commander would operate with limited 
situational awareness and orders generation for all echelons of the HBCT would be 
hindered. Appendix H contains the derived waveform requirements for variation five that 
was used in table Qp,w of the GAMS model.   
B. MODEL VARIATION ONE RESULTS AND ANALYSIS (PRIORITY ONE 
THROUGH FIVE)  
We took the results of model variation one GAMs model and conducted post-
results to generate the updated BOI for the HBCT.  The GAMS results were transcribed 
into a Microsoft Excel spreadsheet for ease of use.  Appendix I displays the optimal 
HBCT BOI for the GMR radio after post-analysis transcribed into a Microsoft Excel 
spreadsheet.  We utilized this post-analysis spreadsheet to depict the results of the model 
discussed in the following section.  These results were then analyzed to provide 
additional insights on potential for decreasing costs while maximizing performance.  We 
then conducted additional analysis to look at unused GMR simultaneities or slack.   
1.   Model Variation One Results and Comparison 
The results of our model with priorities one through five GMR requirements 
included showed that in order to satisfy all these GMR requirements, each HBCT will 
require a total of 130 GMR radios, six fewer than the original model.  These GMR radios 
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replaced 159 of 1,909 current force radios.  Fielding of the GMR will allow redistribution 
of the 159 current force radios to other DoD entities with recognized shortages.   
a.  Model Variation One Optimal Number of Radios by Type 
To minimize cost, 97 GMR simultaneity 7s, 26 GMR simultaneity 8s, 7 
GMR simultaneity 18s, 423 current force dual-channel SINCGARS, 684 current force 
single-channel SINCGARS, 519 current force EPLRS, 93 current force HF, and 31 
current force SATCOM radios are required.  Table 20 displays the optimal number of 
radios by type in the HBCT organization in total.  The optimal GMR BOI for the HBCT 
is given in Appendix I.  Appendix I displays GMR simultaneity and current force radio 
placement by platform in the HBCT construct for variation one.  For clarity, Figure 30 
shows the optimal number of GMR and Current Force radios in an HBCT.   
 
 




Figure 30.   Model Variation One: Optimal Number of Radios 
The total number of current radios in the HBCT is decreased by 159 when 
GMR is introduced.  Every current force radio waveform is decreased with the exception 
of the single channel SINCGARS waveform, which increases by 50 radio sets.  The total 
SINCGARS waveform requirement, when the single and dual channel current force 
SINCGARS waveform are examined together, decreases by 59 total radios.  Table 21 
shows the change in radio requirements by waveform from the current situation to the 
optimal solution.  Figure 31 shows a comparison of the decrease in all Current Force 





Table 21.   Model Variation One: Current HBCT Radio QTYs vs.  
Optimal Radio QTYs 
 
Figure 31.   Model Variation One: Quantity Change by Radio Type 
b.  Model Variation One Optimal Radio Cost by Type 
In model variation 1, the optimal GMR cost per HBCT was $28,600,000, 
$1,320,000 less than the original model.  When GMR is considered, the total HBCT radio 
cost is $58,394,000; $1,214,000 less than the original model.  The current force 
SINCGARS optimal cost is $11,394,000. The current force EPLRS cost is $12,975,000.  
The current force HF cost is $4,650,000 and the current force SATCOM cost is $775,000.  
Table 22 shows a comparison and cost change between the current HBCT radio costs and 
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the Optimal HBCT radio costs.   Figure 32 shows a side-by-side comparison of GMR and 
Current Force Radio system costs in thousands of dollars.   
 
  
Table 22.   Model Variation One: Current HBCT Radio Cost vs.  
Optimal HBCT Radio Cost 
 
 
Figure 32.   Model Variation One: Optimal Radio Costs 
When the HBCT is optimized in this model, the total current force radio 
cost is $29,794,000, a reduction of $3,626,000.    These radios can be redistributed to 
other DoD elements with radio shortages in order to fill requirements in the force.  Figure 




Figure 33.   Model Variation One: Cost Change by Radio Type 
2.   Additional Analysis 
We took the optimal solution from GAMS, conducted post-results analysis, and 
analyzed the output of the model.  As a result of analysis an optimal radio mix by 
platform was generated, an optimal cost for GMR and current force radios was made 
known, and a total number of current force radio reductions was found.  During analysis, 
several points of further research were also discovered.   
a.  Unused GMR Simultaneities 
As in the original model, the optimal GMR and current force solution only 
included GMR simultaneities 7, 8, and 18.  Simultaneities 6, 9, 10, 11, 12, 13, 14, 15, 16, 
17, and 19 are not used in the optimal solution for the HBCT.   
b.  Slack Analysis 
Slack analysis was again conducted to identify platforms that received 
radios that resulted in unused waveforms.  We determined that nine platforms within the 
HBCT were given a four channel GMR and only required three radio waveforms.  Table 
23 provides the slack analysis for each platform with unused waveforms.   
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Table 23.   Model Variation One: Slack Analysis 
C.   MODEL VARIATION TWO RESULTS AND ANALYSIS (PRIORITY 
ONE THROUGH FOUR)  
We took the results of model variation two GAMs model and conducted post-
results to generate the updated BOI for the HBCT.  Appendix J displays the optimal 
HBCT BOI for the GMR radio after post-analysis transcribed into a Microsoft Excel 
spreadsheet.  We utilized this post-analysis spreadsheet to depict the results of the model 
discussed in the following section.  These results were then analyzed to provide 
additional insights on potential for decreasing costs while maximizing performance.  We 
then conducted additional analysis to look at unused GMR simultaneities or slack.   
1.   Model Variation Two Results and Comparison 
The results of our model with priorities one through four filled showed that in 
order to satisfy the full GMR requirement of priorities one through four, each HBCT will 
require a total of 94 GMR radios, 42 fewer than the original model.  These GMR radios 
replaced 114 of 1,909 current force radios.  Fielding of the GMR using model Variation 
two will allow redistribution of the 114 current force radios to other DoD entities with 
recognized shortages.   
a.  Model Variation Two Optimal Number of Radios by Type 
To minimize cost, 97 GMR simultaneity 7s, 26 GMR simultaneity 8s, 7 
GMR simultaneity 18s, 423 current force dual-channel SINCGARS, 684 current force 
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single-channel SINCGARS, 519 current force EPLRS, 93 current force HF, and 31 
current force SATCOM radios are required.  Table 24 displays the optimal number of 
radios by type in the HBCT organization in total.  The optimal GMR BOI for the HBCT 
is given in Appendix J.  Appendix J displays GMR simultaneity and current force radio 
placement by platform in the HBCT construct for variation two.  For clarity, Figure 34 
shows in comparison format, the optimal total number of GMR and Current Force radios 
in an HBCT.   
 
 
Table 24.   Model Variation Two: Optimal Number of Radios  
by Type in the HBCT 
 
 
Figure 34.   Model Variation Two: Optimal Number of Radios 
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The total number of current radios in the HBCT is decreased by 114 when 
GMR is introduced.  Every current force radio waveform is decreased with the exception 
of the single channel SINCGARS waveform, which increases by 44 radio sets.  The total 
SINCGARS waveform requirement, when the single and dual channel current force 
SINCGARS waveform are examined together, decreases by 38 total radios.  Table 25 
shows the change in radio requirements by waveform when the optimal solution is 
considered.  Figure 35 shows a comparison of the decrease in all Current Force radios 
and required increase in GMRs. 
 
 
Table 25.   Model Variation Two: Current HBCT Radio QTYs vs.  




Figure 35.   Model Variation Two: Quantity Change by Radio Type 
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b.  Optimal Radio Cost by Type 
In model variation 2, the optimal GMR cost per HBCT was $20,680,000, 
$9,240,000 less than the original model.  When GMR is considered, the total HBCT radio 
cost is $51,404,000; $8,204,000 less than the original model.  The current force 
SINCGARS optimal cost is $11,724,000. The current force EPLRS cost is $13,425,000.  
The current force HF cost is $4,650,000 and the current force SATCOM cost is $925,000.  
Table 26 shows a comparison and cost change between the current HBCT radio costs and 
the Optimal HBCT radio costs.  Figure 36 shows a side-by-side comparison of GMR and 
Current Force Radio system costs in thousands of dollars.   
 
 
Table 26.   Model Variation Two: Current HBCT Radio Cost vs.  
Optimal HBCT Radio Cost 
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Figure 36.   Model Variation Two: Optimal Radio Costs 
When the HBCT is optimized in this model, the total current force radio 
cost is $30,724,000, a reduction of $2,696,000.    These radios can be redistributed to 
other DoD elements with radio shortages in order to fill requirements in the force.  Figure 
37 provides comparisons in cost change between GMR and Current Force Radio systems.   
 
 
Figure 37.   Model Variation Two: Cost Change by Radio Type 
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2.   Model Variation Two Additional Analysis 
We took the optimal solution from GAMS, conducted post-results analysis, and 
analyzed the output of the model.  As a result of this analysis an optimal radio mix by 
platform was generated, an optimal cost for GMR and current force radios was made 
known, and a total number of current force radio reductions was found.  During analysis, 
several points of further research were discovered.   
a.  Model Variation Two Unused GMR Simultaneities 
As in the original model, the optimal GMR and current force solution only 
included GMR simultaneities 7, 8, and 18.  Simultaneities 6, 9, 10, 11, 12, 13, 14, 15, 16, 
17, and 19 are not used in the optimal solution for the HBCT.   
b.  Model Variation Two Slack Analysis 
Slack analysis was again conducted to identify platforms that received 
radios that resulted in unused waveforms.  We determined that eight platforms within the 
HBCT were given a four channel GMR and only required three radio waveforms.  Table 
27 provides the slack analysis for each platform with unused waveforms.   
 
 





D.   MODEL VARIATION THREE RESULTS AND ANALYSIS (PRIORITY 
ONE THROUGH THREE) 
We took the results of model variation three GAMs model and conducted post-
results to generate the updated BOI for the HBCT.  Appendix K displays the optimal 
HBCT BOI for the GMR radio after post-analysis, transcribed into a Microsoft Excel 
spreadsheet.  We utilized this post-analysis spreadsheet to depict the results of the model 
discussed in the following section.  These results were then analyzed to provide 
additional insights on potential for decreasing costs while maximizing performance.  We 
then conducted additional analysis to look at unused GMR simultaneities or slack.   
1.   Model Variation Three Results and Comparison 
The results of our model with priorities one through three filled showed that in 
order to satisfy the full GMR requirement of priorities one through four, each HBCT will 
require a total of 69 GMR radios, 96 fewer than the original model.  These GMR radios 
replaced 83 of 1,909 current force radios.  Fielding of the GMR using model Variation 
three will allow redistribution of the 114 current force radios to other DoD entities with 
recognized shortages.   
a.  Model Variation Three Optimal Number of Radios by Type 
To minimize cost, 62 GMR simultaneity 7s, 6 GMR simultaneity 8s, 1 
GMR simultaneity 18s, 464 current force dual-channel SINCGARS, 683 current force 
single-channel SINCGARS, 549 current force EPLRS, 93 current force HF, and 37 
current force SATCOM radios are required.  Table 28 displays the optimal number of 
radios by type in the HBCT organization in total.  The optimal GMR BOI for the HBCT 
utilizing variation three data is given in Appendix K.  For clarity, Figure 38 shows in 
comparison format, the optimal total number of GMR and Current Force radios in an 
HBCT.   
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Table 28.   Model Variation Three: Optimal Number of Radios  
by Type  
 
Figure 38.   Model Variation Three: Optimal Number of Radios 
The total number of current radios in the HBCT is decreased by 69 when 
GMR is introduced.  Every current force radio waveform is decreased with the exception 
of the single channel SINCGARS waveform, which increases by 49 radio sets.  The total 
SINCGARS waveform requirement, when the single and dual channel current force 
SINCGARS waveform are examined together, decreases by 24 total radios.  Table 29 
shows the change in radio requirements by waveform when the optimal solution is 
considered.  Figure 39 shows the comparison of the decrease in all Current Force radios 
and required increase in GMRs. 
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Table 29.   Model Variation Three: Current HBCT Radio QTYs vs.  
Optimal HBCT Radio QTYs 
 
 
Figure 39.   Model Variation Three: Quantity Change by Radio Type 
b.  Model Variation Three Optimal Radio Cost by Type 
In model variation three, the optimal GMR cost per HBCT was 
$15,180,000; $14,740,000 less than the original model.  When GMR is considered, the 
total HBCT radio cost is $46,440,000; $13,168,000 less than the original model.  The 
current force SINCGARS optimal cost is $11,960,000. The current force EPLRS cost is 
$13,725,000.  The current force HF cost is $4,650,000 and the current force SATCOM 
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cost is $925,000.  Table 30 shows a comparison and cost change between the current 
HBCT radio costs and the Optimal HBCT radio costs.  Figure 40 shows a side-by-side 
comparison of GMR and Current Force Radio system costs in thousands of dollars.   
 
 
Table 30.   Model Variation Three: Current HBCT Radio Cost vs.  
Optimal HBCT Radio Cost 
 
 
Figure 40.   Model Variation Three: Optimal Radio Costs 
When the HBCT is optimized in this model, the total current force radio 
cost is $31,260,000, a reduction of $2,160,000.    These radios can be redistributed to 
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other DoD elements with radio shortages in order to fill requirements in the force.  Figure 




Figure 41.   Model Variation Three: Cost Change by Radio Type 
2.   Model Variation Three Additional Analysis 
We took the optimal solution from GAMS, conducted post-results analysis, and 
analyzed the output of the model.  As a result of analysis an optimal radio mix by 
platform was generated, an optimal cost for GMR and current force radios was made 
known, and a total number of current force radio reductions was found.  During this 
analysis, several points of further research were discovered.   
a.  Model Variation Three Unused GMR Simultaneities 
As in the original model, the optimal GMR and current force solution only 
included GMR simultaneities 7, 8, and 18.  Simultaneities 6, 9, 10, 11, 12, 13, 14, 15, 16, 
17, and 19 are not used in the optimal solution for the HBCT.   
b.  Model Variation Three Slack Analysis 
Slack analysis was conducted to identify platforms that received radios 
that resulted in unused waveforms.  We determined that three platforms within the HBCT 
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were given a four channel GMR and only required three radio waveforms.  Table 31 
provides the slack analysis for each platform with unused waveforms.   
 
 
Table 31.   Model Variation Three: Slack Analysis 
E.   MODEL VARIATION FOUR RESULTS AND ANALYSIS (PRIORITY 
ONE AND TWO) 
We took the results of model variation four GAMs model and conducted post-
results to generate the updated BOI for the HBCT.  Appendix L displays the optimal 
HBCT BOI for the GMR radio after post-analysis, transcribed into a Microsoft Excel 
spreadsheet.  We utilized this post-analysis spreadsheet to depict the results of the model 
discussed in the following section.  These results were then analyzed to provide 
additional insights on potential for decreasing costs while maximizing performance.  We 
then conducted additional analysis to look at unused GMR simultaneities or slack.   
1.   Model Variation Four Results and Comparison 
The results of our model with GMR requirements for priorities one through three 
included showed that in order to satisfy the full GMR requirement of priorities one 
through three, each HBCT will require a total of 27 GMR radios, 138 fewer than the 
original model.  These GMR radios replaced 39 of 1,909 current force radios.  Fielding of 
the GMR using model Variation four will allow redistribution of the 39 current force 
radios to other DoD entities with recognized shortages.   
a.  Optimal Number of Radios by Type 
To minimize cost, 23 GMR simultaneity 7s, 4 GMR simultaneity 8s, 503 
current force dual-channel SINCGARS, 647 current force single-channel SINCGARS, 
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590 current force EPLRS, 93 current force HF, and 37 current force SATCOM radios are 
required.  Table 32 displays the optimal number of radios by type in the HBCT 
organization in total.  The optimal GMR BOI for the HBCT utilizing variation four data 
is given in Appendix L.  For clarity, Figure 42 shows in comparison format, the optimal 
total number of GMR and Current Force radios in an HBCT.   
 
 
Table 32.   Model Variation Four: Optimal Number of Radios by Type  
 
 
Figure 42.   Model Variation Four: Optimal Number of Radios 
The total number of current radios in the HBCT is decreased by 39 when 
GMR is introduced.  Every current force radio waveform is decreased with the exception 
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of the single channel SINCGARS waveform, which increases by 13 radio sets.  The total 
SINCGARS waveform requirement, when the single and dual channel current force 
SINCGARS waveform are examined together, decreases by 16 total radios.  Table 33 
shows the change in radio requirements by waveform when the optimal solution is 
considered.  Figure 43 shows the comparison of the decrease in all Current Force radios 
and required increase in GMRs. 
 
 
Table 33.   Model Variation Four: Current HBCT Radio QTYs vs.  
Optimal HBCT Radio QTYs 
 
 
Figure 43.   Model Variation Four: Quantity Change by Radio Type 
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b.  Optimal Radio Cost by Type 
In model variation four, the optimal GMR cost per HBCT was $5,940,000; 
$23,980,000 less than the original model.  When GMR is considered, the total HBCT 
radio cost is $38,483,000; $13,168,000 less than the original model.  The current force 
SINCGARS optimal cost is $12,218,000. The current force EPLRS cost is $14,750,000.  
The current force HF cost is unchanged from the original model at $4,650,000 and the 
current force SATCOM cost is $925,000.  Table 34 shows a comparison and cost change 
between the current HBCT radio costs and the Optimal HBCT radio costs.  Figure 44 
shows a side-by-side comparison of GMR and Current Force Radio system costs in 
thousands of dollars.  
  
 
Table 34.   Model Variation Four: Current HBCT Radio Cost vs.  
Optimal HBCT Radio Cost 
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Figure 44.   Model Variation Four: Optimal Radio Costs 
When the HBCT is optimized in this model, the total current force radio 
cost is $32,543,000, a reduction of $877,000.    These radios can be redistributed to other 
DoD elements with radio shortages in order to fill requirements in the force.  Figure 45 
provides comparisons in cost change between GMR and Current Force Radio Systems.   
 
 





2.   Model Variation Four Additional Analysis 
We took the optimal solution from GAMS, conducted post-results analysis, and 
analyzed the output of the model.  As a result of analysis an optimal radio mix by 
platform was generated, an optimal cost for GMR and current force radios was made 
known, and a total number of current force radio reductions was found.  During analysis, 
several points of further research were discovered.   
a.  Model Variation Four Unused GMR Simultaneities 
The optimal GMR and current force solution for model variation four only 
included GMR simultaneities 7 and 8.  All previous model variations utilized three 
simultaneities.  Simultaneities 6, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, and 19 are not used 
in the optimal solution for the HBCT.   
b.  Model Variation Four Slack Analysis 
Slack analysis was conducted to identify platforms that received radios 
that resulted in unused waveforms.  We determined that two platforms within the HBCT 
were given a four channel GMR and only required three radio waveforms.  Table 35 
provides the slack analysis for each platform with unused waveforms.   
 
 
Table 35.   Model Variation Four: Slack Analysis 
F.   MODEL VARIATION FIVE RESULTS AND ANALYSIS (PRIORITY 
ONE ONLY) 
We took the results of model variation five GAMs model and conducted post-
results to generate the updated BOI for the HBCT.  Appendix M displays the optimal 
HBCT BOI for the GMR radio after post-analysis transcribed into a Microsoft Excel 
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spreadsheet.  We utilized this post-analysis spreadsheet to depict the results of the model 
discussed in the following section.  These results were then analyzed to provide 
additional insights on potential for decreasing costs while maximizing performance.  We 
then conducted additional analysis to look at unused GMR simultaneities or slack.   
1.   Model Variation Five Results and Comparison 
The results of our model with only priority one platforms given GMR showed that 
in order to satisfy only the GMR requirements of priority one, each HBCT will require a 
total of 20 GMR radios, 116 fewer than the original model.  These GMR radios replaced 
31 of 1,909 current force radios.  Fielding of the GMR using model Variation five will 
allow redistribution of the 31 current force radios to other DoD entities with recognized 
shortages.   
a.  Model Variation Five Optimal Number of Radios by Type 
  To minimize cost, 23 GMR simultaneity 7s, 4 GMR simultaneity 8s, 503 
current force dual-channel SINCGARS, 647 current force single-channel SINCGARS, 
590 current force EPLRS, 93 current force HF, and 37 current force SATCOM radios are 
required.  Table 36 displays the optimal number of radios by type in the HBCT 
organization.  The optimal GMR BOI for the HBCT utilizing variation five data is given 
in Appendix M.  For clarity, Figure 46 shows in comparison format, the optimal number 
of GMR ad Current Force radios in an HBCT.   
 
 
Table 36.   Model Variation Five: Optimal Number of Radios by Type  
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Figure 46.   Model Variation Five: Optimal Number of Radios 
The total number of current radios in the HBCT is decreased by 31 when 
GMR is introduced.  Every current force radio waveform is decreased with the exception 
of the single channel SINCGARS waveform, which increases by 10 radio sets.  The total 
SINCGARS waveform requirement, when the single and dual channel current force 
SINCGARS waveform are examined together, decreases by 13 total radios.  Table 37 
shows the change in radio requirements by waveform when the optimal solution is 
considered.  Figure 47 shows a comparison of the decrease in all Current Force radios 
and required increase in GMRs. 
 
 




Figure 47.   Model Variation Five: Quantity Change by Radio Type 
b.  Model Variation Five Optimal Radio Cost by Type 
In model variation five, the optimal GMR cost per HBCT was $4,400,000; 
$25,520,000 less than the original model.  When GMR is considered, the total HBCT 
radio cost is $37,128,000; $22,480,000 less than the original model.  The current force 
SINCGARS optimal cost is $12,278,000. The current force EPLRS cost is $14,875,000.  
The current force HF cost is unchanged from the original model at $4,650,000 and the 
current force SATCOM cost is $925,000.  Table 38 shows a comparison and cost change 
between the current HBCT radio costs and the Optimal HBCT radio costs.  Figure 48 
shows a side-by-side comparison of GMR and Current Force Radio system costs in 




Table 38.   Model Variation Five: Current HBCT Radio Cost vs. Optimal HBCT Radio Cost 
 
 
Figure 48.   Model Variation Five: Comparison of GMR to Current Force Radio Costs 
When the HBCT is optimized in this model, the total current force radio 
cost is $32,728,000, a reduction of $692,000.    These radios can be redistributed to other 
DoD elements with radio shortages in order to fill requirements in the force.  Figure 49 




Figure 49.   Model Variation Five: Cost Change by Radio Type 
2.   Model Variation Five Additional Analysis 
We took the optimal solution from GAMS, conducted post-results analysis, and 
analyzed the output of the model.  As a result of this analysis an optimal radio mix by 
platform was generated, an optimal cost for GMR and current force radios was made 
known, and a total number of current force radio reductions was found.  During analysis, 
several points of further research were discovered.   
a.  Model Variation Five Unused GMR Simultaneities 
The optimal GMR and current force solution for model variation four only 
included GMR simultaneities 7 and 8.  Simultaneities 6, 9, 10, 11, 12, 13, 14, 15, 16, 17, 
18, and 19 are not used in the optimal solution for the HBCT.   
b.  Model Variation Five Slack Analysis 
Slack analysis was again conducted to identify platforms that received 
radios that resulted in unused waveforms.  We determined that two platforms within the 
HBCT were given a four channel GMR and only required three radio waveforms.  Table 




Table 39.   Model Variation Five: Slack Analysis 
G. COMPARATIVE ANALYSIS OF ALL MODEL VARIATIONS 
Earlier in this chapter, we analyzed the results of each of the five model variations 
separately.  Now we compare and analyze the results of all six model runs collectively, 
including the original model and the five subsequent variations that we developed based 
on decreasing GMR priority levels, looking for patterns and insights to help us better 
understand the optimal solutions.  To do so, we analyze the optimal number of radios by 
output run, the optimal cost of radios by output run, and the optimal GMR cost and 
quantity by model variation.  
1. Optimal Number of Radios by Model Variation 
We ran the models successively as we decreased GMR priority levels in the 
HBCT from including all priorities in the original model to including only priority one in 
the fifth variation of the model.  The  original model, the best case scenario which reflects 
a GMR system for every platform requiring WNW, resulted in 136 GMRs, 419 dual-
channel current force SINCGARS, 684 single-channel current force SINCGARS, 517 
current force EPLRS, 93 current force HF, and 31 current force SATCOM radios in the 
HBCT.  Using these values as the initial baseline, we then compare changes in radio 
quantities from each variation to the next to evaluate patterns that occurred as we reduced 
GMR requirements.  Additionally, for each variation, we compare the changes in total 
radio quantities for that variation to the current HBCT. Figure 50 depicts a comparison of 
the number of GMRs and current force radios by output run.  Figure 51 depicts the total 
change in number of radios from the current HBCT by output run. In each of the figures, 
we refer to the results of the original model as Orig. and the results of each of the model 





Figure 50.   Number of Radios by Model Variation 
 
 
Figure 51.   Total Change in Number of Radios from Current HBCT by Model Variation 
 Model variation one, reflecting GMR priorities one through five, resulted in six 
fewer GMRs (130), four additional dual-channel SINCGARS (423) and two additional 
EPLRS (519) than produced by the original model.  There was no change to single-
channel SINCGARS (684), HF (93), or SATCOM radios (37).  In this case, reducing the 
 116 
number of GMRs by six increased the number of current force radios by six, maintaining 
the total number of tactical radios in an HBCT at 1880 from the original model output to 
variation one.  However, this is a net decrease of 29 radios from the current HBCT 
without GMR, which has 1909 current force radios. 
Model variation two, reflecting GMR priorities one through four, resulted in 36 
fewer GMRs (94), 27 additional dual-channel SINCGARS (450), six fewer single-
channel SINCGARS (678), 18 additional EPLRS (537), and six additional SATCOM 
radios (37) than produced by model variation one.  There was no change to HF (93).  In 
this case, reducing the number of GMRs by 36 increased the number of current force 
radios by 45, upping the total number of tactical radios in an HBCT to 1889 from model 
variation one to two.  This is a net decrease of 20 radios from the current HBCT. 
Model variation three, reflecting GMR priorities one through three, resulted in 25 
fewer GMRs (69), 14 additional dual-channel SINCGARS (464), five additional single-
channel SINCGARS (683), and 12 additional EPLRS (549) than produced by model 
variation two.  There was no change to HF (93) or SATCOM radios (37).  In this case, 
reducing the number of GMRs by 25 increased the number of current force radios by 31, 
upping the total number of tactical radios in an HBCT to 1895 from model variation two 
to three.  This is a net decrease of 14 radios from the current HBCT. 
Model variation four, reflecting GMR priorities one and two, resulted in 42 fewer 
GMRs (27), 39 additional dual-channel SINCGARS (503), 36 fewer single-channel 
SINCGARS (647), and 41 additional EPLRS (590) than produced by model variation 
three.  There was no change to HF (93) or SATCOM radios (37).  In this case, reducing 
the number of GMRs by 42 increased the number of current force radios by 44, upping 
the total number of tactical radios in an HBCT to 1897 from model variation three to 
four.  This is a net decrease of 12 radios from the current HBCT. 
Model variation five, reflecting GMR priority one only, resulted in seven fewer 
GMRs (20), six additional dual-channel SINCGARS (509), three fewer single-channel 
SINCGARS (644), and five additional EPLRS (595) than produced by model variation 
four.  Again, there was no change to HF (93) or SATCOM radios (37).  In this case, 
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reducing the number of GMRs by seven increased the number of current force radios by 
eight, upping the total number of tactical radios in an HBCT to 1898 from model 
variation four to five.  This is a net decrease of 11 radios from the current HBCT. 
We observed several patterns from comparing and analyzing the results of the 
model variations.  First, with the exception of model variation one, there appeared to be a 
negative relationship between the number of GMR radios assigned and the number of 
current force radios assigned.  Specifically, as the number of GMRs decreased, the total 
number of current force radios increased.  In model variation one, the decrease in GMRs 
equaled the increase in current force radios.   
Second, the primary factor in this negative correlation was that the number of 
dual-channel SINCGARS and EPLRS radios increased with every reduction of GMRs, 
including a total increase of 90 SINCGARS and 78 EPLRS across the model variations.  
SINCGARS and EPLRS were most affected by the addition of the GMR.   
Third, there appeared to be no significant correlation between the number of 
GMRs assigned and the number of HF and SATCOM radios assigned in any of the model 
variations.  In fact, as the number of GMRs decreased, the number of HF radios stayed 
the same across all output runs and the number of SATCOM radios changed just once, a 
slight increase of six from model variation one to model variation two.   
2. Optimal Cost of Radios by Model Variation 
Now that we have looked at the optimal number of GMRs and current force 
radios by output run and observed several patterns in the results of the model variations, 
we compare and analyze the cost data for each model variation collectively.  The cost 
information, summarized in Figure 52, is as follows.  The original model, reflecting 
GMR priorities one through six, resulted in an optimal cost of $29,920,000 for GMR and 
29,688,000 for current force radios.  The total optimal cost was $59,608,000, a cost 
increase of $26,188,000 from the HBCT’s current radio cost of $33,420,000 without 
GMR. 
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Model variation one, reflecting GMR priorities one through five, resulted in an 
optimal cost of $28,600,000 for GMR, a decrease of $1,320,000 from the original model, 
and $29,794,000 for current force radios, an increase of  $106,000 from the original 
model.  The total optimal cost was $58,394,000, a cost reduction of $1,214,000 from the 
original model, and a cost increase of $24,974,000 from the HBCT’s current radio cost 
without GMR.  
Model variation two, reflecting GMR priorities one through four, resulted in an 
optimal cost of $20,680,000 for GMR, a decrease of $7,920,000 from variation one, and 
$30,724,000 for current force radios, an increase of $930,000 from variation one.  The 
total optimal cost was $51,404,000, a cost reduction of $6,990,000 from variation one, 
and a cost increase of $17,984,000 from the HBCT’s current radio cost without GMR. 
Model variation three, reflecting GMR priorities one through three, resulted in an 
optimal cost of $15,180,000 for GMR, a decrease of $5,500,000 from variation two, and 
$31,260,000 for current force radios, an increase of $536,000 from variation two.  The 
total optimal cost was $46,440,000, a cost reduction of $4,964,000 from variation two, 
and a cost increase of $13,020,000 from the HBCT’s current radio cost without GMR. 
Model variation four, reflecting GMR priorities one and two, resulted in an 
optimal cost of $5,940,000 for GMR, a decrease of $9,240,000 from variation three, and 
$32,543,000 for current force radios, an increase of $1,283,000 from variation three.  The 
total optimal cost was $38,483,000, a cost reduction of $7,957,000 from variation three, 
and a cost increase of $5,063,000 from the HBCT’s current radio cost without GMR. 
Model variation five, reflecting GMR priority one only, resulted in an optimal 
cost of $4,400,000 for GMR, a decrease of $1,540,000 from variation four, and 
$32,728,000 for current force radios, an increase of $185,000 from variation four.  The 
total optimal cost was $37,128,000, a cost reduction of $1,355,000 from variation four, 
and a cost increase of $3,708,000 from the HBCT’s current radio cost without GMR. 
Just as we compared and analyzed radio quantities from one variation to the next, 
we also looked for patterns in the optimal radio costs across the model variations.  We 
were not surprised by the results.  First, as we expected from our analysis of radio 
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quantities, there was also a negative correlation between the cost of GMRs and the cost of 
current force radios.  Specifically, as the cost of GMRs decreased from one variation to 
the next, the cost of current force radios increased by an average of 11.2% of the GMR 
decrease.  In every case, the GMR cost decrease, as the GMR requirements were 
incrementally reduced, dwarfed the current force radio cost increase due to the much 
higher cost of the four-channel GMR.  Figure 52, which depicts the GMR and current 
force radio costs by output run, shows this relationship clearly.   
 
 
Figure 52.   Radio Cost by Model Variation 
Second, there appeared to be a positive correlation between the number of GMRs 
in the HBCT and the total optimized radio cost.  As the number of GMR priorities to fill 
decreased, the overall cost of GMRs in the HBCT decreased.  Furthermore, the total 
optimized cost of radios decreased proportionally to the reduction in GMR cost for every 
model variation.  Table 40 summarizes the GMR cost per model variation.  The cost to 
fill the full GMR requirement for the HBCT is $29,920,000.  Variation one costs 
$28,600,000 and variation two, three, four and five cost $20,680,000, $15,180,000,  
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$5,940,000, and $4,400,000, respectively.  Figure 53 displays the linear relationship of 
GMR cost to quantity.  This graph can be utilized for further analysis during the 
budgeting phase of the GMR program.  
 
 
Table 40.   Consolidated GMR Output by Model Variation 
 
 
Figure 53.   GMR Cost and Quantity by Model Variation 
Third, the gap between the total optimized cost per model variation and the 
HBCT’s current radio cost decreased with each subsequent variation, which is directly 
related to reducing GMR priorities.  The original model resulted in a cost increase of 
$26,188,000 and model variations one through five resulted in corresponding increases of 
$24,974,000, $17,984,000, $13,020,000, $5,063,000, and $3,708,000 over the current 
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HBCT radio cost of $33,420,000.  Figure 54 depicts the total cost change from the 
current HBCT to each model variation and depicts the increase in cost over the current 
HBCT.   
 
 
Figure 54.   Total Change in Cost from Current HBCT by Model Variation 
Finally, we determined the average cost per radio and the average cost per 
channel for the original model and each of the five variations.  For each model run, we 
divided the total radio cost by the total radio and channel quantities to calculate these 
values.  In this case, total radio cost was positively correlated with both average cost per 
radio and average cost per channel.  Specifically, as total cost decreased, both average 
cost per radio and average cost per channel decreased as well.  Average cost per radio 
was $31,706, $31,061, $27,212, $24,507, $20,286, and $19,562 for the six model runs 
respectively.  Average cost per channel was $22,110, $21,756, $19,680, $18,126, 
$15,530, and $15,068 respectively.  We observed that as we decreased the number of 
GMR radios the average cost per channel moved closer to the average cost per radio.  
This result is in line with the fact that as the total number of GMRs decreases, then the 
number of channels per radio significantly decreases by close to a factor of four on 
average.  Figure 55 depicts both the average cost per radio and average cost per channel 
for the original model and five model variations.   
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Figure 55.   Average Cost per Radio / Channel by Model Variation 
H.   CHAPTER SUMMARY   
In this chapter, we defined multiple priority levels of GMR placement that 
dictated changes or variations to the model’s derived waveform requirements.  These 
model variations were described and included variations one through five.  Each model 
variation required separate waveform input requirements for table Qp,w of the GAMS 
model and produced independent output in the form of prioritized BOIPs.  These outputs 
were independently analyzed to show the optimal number of radios by type, total change 
in quantity of radios from current HBCT architecture, optimal radio costs by type, and 
cost changes from current HBCT architecture.  We further determined the simultaneities 
that were not used and conducted slack analysis on each variation, one through five.  This 
chapter culminated with a comparative analysis of model variations.  The following 
chapter expands on the slack analysis in this chapter and shows the effects of adding a 
new simultaneity to the original model.   
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VI.  EFFECTS OF ADDING AN ADDITIONAL GMR 
SIMULTANEITY 
We conducted slack analysis on the GAMS model output for all model runs to 
determine if there was slack (unused GMR channels) on any platforms with a GMR 
assigned.  During post-results analysis we found that platform 23 only required four 
waveforms, but the model assigned one four-channel GMR and an additional current 
force HF radio.  The platform, which is an engineer movement and maneuver HMMWV 
with a DTSS system, required the WNW, SRW, SINCGARS, and HF waveforms.  When 
analyzing the original model output, we discovered a different inefficiency on Platform 
23 that did not occur anywhere else in the output or in any of the five subsequent model 
variations.  The model, designed to select the optimal mix of radios for each platform, 
selected a GMR simultaneity 18 and an additional HF radio to achieve this because there 
was no simultaneity with that exact waveform combination.  This resulted in an unused 
SATCOM channel and required an additional, costly HF radio.   
To address the potentially inefficient use of HF radios, we decided to create a new 
simultaneity that could support WNW, SRW, SINCGARS, and HF and modified our 
original model to leverage the new simultaneity accordingly.  Initially, because only 
Platform 23 had this particular inefficiency, we projected that adding the additional 
simultaneity into the mix would only impact this one platform.  In the following sections, 
we describe our modifications to the original model and provide the results and analysis 
from running the adjusted model.  
A. MODIFICATIONS TO THE ORIGINAL MODEL 
To add a new simultaneity, we modified our original model in three ways.  First, 
we added a new GMR radio type, index r21, to our table of radio indices called GMR 
SIMULT NEW and updated the decision variable definition to reflect this change.  In the 
original model, we defined 20 radio types, indices r1 through r20, to represent the 14 
required GMR simultaneities, r1 through r14, three SINCGARS radio possibilities, r15 
through r17, and one each of the EPLRS, HF, and SATCOM radios, r18-r20.  Table 41 
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shows the inclusion of the new GMR radio.  Equation 6.1 shows the modified decision 
variable definition to include the new radio type.   
 
 
Table 41.   New Simultaneity: Indices r1 through r21 
 
 , umber of radios ( )1 21as assigned to a specific HBCT platform ( )1 567p rX N r p=   −    −  (6.1) 
 
Second, we modified the objective function equation and coefficients to include 
the new radio type.   Table 42 shows the respective radio costs for the first ten platforms, 
p1 through p10, as an example.  Equation 6.2 is the updated objective function equation, 
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Third, we added a new constraint to the model.  Table 43, the radio capabilities 
table, shows the waveform capabilities for each of the radio types.  The new radio, r21, 
representing the new GMR simultaneity, is capable of emulating WNW (w1), SRW (w2), 
SINCGARS (w3), and HF (w5).  Equation 6.3 is the updated constraints equation, which 
ensures that each decision variable, when multiplied by the capability of each radio and 
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B. RESULTS AND ANALYSIS 
Once we modified the decision variables, objective function, and constraints, we 
executed the revised model utilizing the GAMS optimization program and conducted 
post-results analysis to determine the effects of adding the additional simultaneity. The 
updated GAMS model is provided in Appendix N.  We compared the optimal number 
and cost of radios of the modified model to the current HBCT without GMR as well as to 
the original model with only the 14 GMR simultaneities required by the program.  We 
were surprised by the results as we originally projected that only Platform 23 would be 
affected.  We thoroughly detail these results in the following sections.   
1. Optimal Number of Radios by Type 
To minimize cost, 69 GMR simultaneity 7s, 22 GMR simultaneity 8s, 3 GMR 
simultaneity 18s, and 42 GMR SIMULT NEW, 419 current force dual-channel 
SINCGARS, 689 current force single-channel SINCGARS, 550 current force EPLRS, 51 
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current force HF, and 34 current force SATCOM radios are required.  Table 44 displays 
the optimal number of radios by type in the HBCT organization in total.  The optimal 
GMR BOI for the HBCT is given in Appendix O which displays GMR simultaneity and 
current force radio placement by platform in the HBCT construct for the new model run.  
For clarity, Figure 56 shows in comparison format, the optimal number of GMR and 
current force radios in an HBCT.   
 
 
Table 44.   New Simultaneity: Optimal Number of Radios by Type 
 
 
Figure 56.   New Simultaneity: Optimal Number of Radios 
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The total number of current radios in the HBCT decreases by 166 when GMR is 
considered.  Every current force radio waveform decreases with the exception of the 
single-channel SINCGARS waveform, which increases by 55 radio sets.  The total 
SINCGARS waveform requirement, when the single and dual channel current force 
SINCGARS waveforms are examined together, decreases by 58 total radios.  Table 45 
shows the change in radio requirements by waveform when the optimal solution is 
considered.  Figure 57 shows a comparison of the decrease in all current force radios and 
required increase in GMRs. 
 
 




Figure 57.   New Simultaneity: Quantity Change by Radio Type 
2. Optimal Radio Cost by Type 
In the new model, the optimal GMR cost per HBCT was $29,920,000, the same as 
the original model.  When GMR is considered, the total HBCT radio cost is $58,448,000, 
$1,160,000 less than the original model.  The current force SINCGARS optimal cost is 
$11,378,000. The current force EPLRS cost is $13,750,000.  The current force HF cost is 
$2,550,000, and the current force SATCOM cost is $850,000.  Table 46 displays the total 
cost and quantity per radio type for an HBCT.  Figure 58 shows a side-by-side 




Table 46.   New Simultaneity: Current HBCT Radio Cost vs.  
Optimal HBCT Radio Cost 
 
 
Figure 58.   New Simultaneity: Optimal Radio Costs 
When GMR is not considered, the total current force radio cost is $33,420,000.  
When GMR is included, the total current force radio cost is $28,528,000, a reduction of 
$4,892,000.  These radios can be redistributed to other DoD elements with radio 
shortages in order to fill requirements in the force.  Figure 59 provides comparisons in 




Figure 59.   New Simultaneity: Cost Change by Radio Type 
We took the optimal solution from GAMS, conducted post-results analysis, and 
analyzed the output of the new model.  As a result of analysis, an optimal radio mix by 
platform was generated, an optimal cost for GMR and current force radios was made 
known, and a total number of current force radio reductions was determined.  During 
analysis, several points of further research were discovered. 
3. Unused GMR Simultaneities  
The new model’s optimal GMR and current force radio solution included GMR 
simultaneities 7, 8, and 18, as with the original model, but also included the new 
simultaneity (GMR SIMULT NEW).  And, once again, simultaneities 6, 9, 10, 11, 12, 13, 
14, 15, 16, 17, and 19 were not used in the optimal solution for the HBCT.   
4. Slack Analysis 
Slack analysis was conducted to identify platforms that received radios 
that resulted in unused waveforms.  We determined that nine platforms within the HBCT 
displayed unused waveforms.  Table 47 provides the slack analysis for each platform 
with unused waveforms.   
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Table 47.   New Simultaneity: Slack Analysis 
C. ANALYSIS AND INSIGHTS WITH NEW WAVEFORM SIMULTANEITY  
In the previous sections, we analyzed the optimal number and cost of radios 
generated by the modified model and evaluated the output for inefficiencies, such as 
unused GMR simultaneities and platforms with slack (unused GMR waveforms).  We 
now compare the output of the modified model to the original model to determine the 
effects of adding the additional simultaneity. 
1. Quantity Comparison: Current vs. New Simultaneity 
When r21 was introduced, the total optimal quantity of radios in the HBCT 
decreased by one. This reduction of one radio was expected, as one less HF radio would 
clearly be needed by platform 23, but what was unexpected was that the new simultaneity 
was used 42 times in the optimal solution.  With the addition of the new simultaneity that 
includes HF, as well as WNW, SRW, and SINCGARS, the model was free to select a 
lower cost current force radio to complete the platform waveform requirement.  
Therefore, the total number of current force HF radios decreased by 42 radios. The total 
number of current force EPLRS did increase by 33, the single channel SINCGARS by 5, 
and the SATCOM current force radios by two, but the cost of these radios is much less 
than the HF radios that were eliminated.  Table 48 and Figure 60 display the quantity 
change by radio type when the original model and the modified model are compared, and 
the cost changes are detailed in the next section.  
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Table 48.   Original Model QTY vs. New Simultaneity Model QTY 
 
 
Figure 60.   Original Model and New Simultaneity: Quantity Change  
by Radio Type  
2. Cost Comparison: Current vs. New Simultaneity 
When the additional simultaneity is added and analyzed the overall cost of GMR 
in the HBCT decreases by $1,160,000 per HBCT.  This cost reduction was possible 
because the model was able to choose a four channel simultaneity that included WNW, 
SRW, SINCGARS, and HF.  The current force HF is the most expensive current force 
radio system at a cost of $25,000 per radio.  The model was able to select a less 
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expensive current force radio system to fill the HBCT platform requirement.  Table 49 
and Figure 61 show the reduction in cost in the HBCT when the new simultaneity is 
considered.  When these cost savings are extended out to all 24 HBCTs in the Army, the 
total cost savings for the GMR program is increased to $27,840,000.  This cost reduction 
is displayed in Figure 62.   
 
 
Table 49.   Original Model Cost vs. New Simultaneity Model Cost  
 
 




Figure 62.   New Simultaneity: Cost Savings Across all HBCTs 
 Over Original Model Results 
It is important to note that these potential cost savings are only realized if the cost 
to developmentally and operationally test a new simultaneity combination can be 
completed at a cost that is less than the potential savings.  In addition, we assumed that 
no interference, space, or safety issues were present in a GMR configuration with WNW, 
SRW, SINCGARS, and HF.  These issues could potentially cost more than adding an 
additional simultaneity and would need to be examined.  We recommend that before a 
WNW, SRW, SINCGARS, HF simultaneity is installed on a platform that a full cost 








D. CHAPTER SUMMARY 
In this chapter, we examined the effects of adding an additional simultaneity 
consisting of the WNW, SRW, SINCGARS, and HF waveform.  We highlighted the 
changes made from the original model to include the new waveform and the changes to 
the algebraic formulation.  Finally, we compared the quantity change and the cost change 
for the new model variation to the original model, demonstrating the potential cost 
savings of adding a new simultaneity.  In the final chapter, we will conclude this paper 
with conclusions, recommendations, and areas for potential further investigation.    
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VII. CONCLUSIONS AND RECOMMENDATIONS 
Throughout the course of the project, we defined the HBCT organizational 
structure, tactical communications architecture and ABCS, GMR systems and 
requirements, and ultimately, developed a model to optimize the GMR BOIP for an 
HBCT.  We then investigated several model changes reflecting decreasing GMR 
requirements as well as a model that included a new simultaneity.  We learned a great 
deal throughout the process and conclude by providing the most salient takeaways and 
recommendations from the project in the sections below. 
A CONCLUSIONS 
First, using modeling techniques to optimize the radio distribution proved to be a 
valuable, effective way to develop a BOIP.  We accomplished precisely what we set out 
do in the project by successfully developing a model that selected the optimal quantity 
and cost of GMR radios for an HBCT.  Additionally, we produced several optimal 
solutions based on decreasing GMR priority levels, which provides options for fielding 
GMR in a fiscally constrained environment.   
Second, GMR is a significant, but costly upgrade for the Army.  Currently, 
HBCTs have 1744 current force radios costing $29,688,000.  Based on the results of our 
original optimization model, the Army would need to buy 136 GMRs, costing an 
additional $29,920,000 per HBCT, to provide the system to every platform with an 
identified requirement.  That doubles the Army’s cost of radios for an HBCT, a 
staggering figure that cannot be overlooked.  At the same time, maintaining information 
superiority is a top priority for the Army, so investing in the system will help bridge the 
gaps in our current technology and pay dividends on the battlefield. 
Finally, there are potentially significant inefficiencies with the waveform 
simultaneities established in the GMR requirements documents.  Our post results analysis 
revealed that the original model and each of the variations only selected GMR SIMULTS 
7, 8, and 18, and never selected any of the other 11 possible simultaneities.  This was 
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driven by the high requirement for SINCGARS, EPLRS, and SATCOM radios in an 
HBCT.  However, modifying the original model to address the inefficiency with Platform 
23, described in chapter six, resulted in the model selecting the new HF simultaneity 42 
times, the second highest frequency of any GMR simultaneity selected previously.  This 
was significant and strongly indicates inefficiencies with the established simultaneities. 
B. RECOMMENDATIONS 
In order for the GMR program to be successful in a fiscally constrained 
environment, the overall cost of the program should be reduced as much as possible.  In 
order to reduce the overall cost of the GMR program, the total number of four channel 
simultaneities should be reexamined, and could be potentially reduced by up to ten 
waveforms assuming the other units in the Army have the same simultaneity 
requirements.   
Second, an additional GMR simultaneity should be resourced in order to facilitate 
an optimized GMR BOI for the HBCT.  This new simultaneity should consist of a four-
channel GMR with WNW, SRW, SINCGARS, and HF waveforms.  By adding this 
simultaneity, the total cost of GMR in one HBCT could potentially be reduced by 
$1,160,000.  When taken holistically across all HBCTs, the cost savings to the Army 
when this recommendation is applied to all 24 HBCTs in the Army is potentially as high 
as $27,840,000.  This alternative HBCT BOIP is included for consideration as Appendix 
O. It is important to note that these potential cost savings are only realized if the cost to 
developmentally and operationally test a new simultaneity combination can be completed 
at a cost less than the potential savings.  In addition, we assumed that no interference, 
space, or safety issues were present in a GMR, WNW, SRW, SINCGARS, and HF 
configuration.  These issues could easily cost more than adding an additional simultaneity 
and should be examined.  We recommend that before a WNW, SRW, SINCGARS, HF 
simultaneity is installed on a platform that a full cost benefit analysis be conducted.   
Finally, our team recommends the BOIP in Appendix O, which fulfills all 
identified GMR requirements in the HBCT and includes the new simultaneity, as the best 
optimal solution for GMR fielding in the HBCT.  However, we recognized that the Army 
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is operating under heavy fiscal constraints.  If the total cost of the original BOIP with an 
additional simultaneity is too great, then the Department of the Army should utilize the 
priority ranking system established in chapter four of this report to determine the 
appropriate priority of fill for the GMR BOIP.  The original model and variations one 
through five of the GMR BOIP are each optimal for the various levels of GMR 
requirements within the HBCT, and therefore provide the best value to the Army. 
The overall project goal for our team was to facilitate the decision process for 
Army acquisition and budgetary policy makers.  To this end, we generated multiple 
optimized solutions for the GMR BOIP based on different potential objectives and 
constraints presented in previous chapters and consolidated the complete results in 
Appendices C, I, J, K, L, M, and O.  This provides decision makers a menu of options, as 
well as a model that can easily be modified to consider additional variations as desired.  
C. POTENTIAL FOR FURTHER INVESTIGATION 
There are five areas within this research project that we feel have potential for 
further investigation.  These areas are the potential for new GMR simultaneities, the 
effects of the new simultaneity discussed in chapter five on model variations one through 
five, two and three channel GMR variants, inclusion of all radio systems, and 
optimization of other BCT BOIPs.   
We focused on only the simultaneities included in the GMR requirements 
document and the additional r21 simultaneity created specifically for our new model.  As 
seen in the new model output with the new simultaneity we were able to decrease overall 
radio costs within an HBCT.  The potential exists to further reduce costs by determining 
other waveform combinations that can optimize the BOIP.   
When we introduced a new simultaneity, in Chapter V, that we created as a result 
of inefficiencies found during slack analysis, we only considered the effect on the 
original model. Therefore, there is a potential to explore how this new simultaneity would 
affect model variations one through five.     
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We focused only on the four-channel GMR variants due to unavailability of cost 
data for the two and three channel variant.  The potential exists to further optimize the 
HBCT BOIP utilizing two and three channel variations once appropriate cost data can be 
determined.  As seen during slack analysis in our modeling there were a number of 
platforms that had unused waveforms, likely due to the exclusion of two and three 
channel GMRs.  It is highly likely that if two and three channel variants were modeled, 
total slack in the optimized solution would be reduced.  Additionally, the overall cost to 
field GMR could be decreased.  
During this project our team primarily focused on the GMR radio and vehicular 
radio systems that GMR can replicate specifically: SINCGARS, EPLRS, HF, and 
SATCOM.  There are other acquisition programs in the DoD that are fielding radio 
systems to the warfighter.  In addition to the GMR, Joint Tactical Radio Systems is also 
developing new handheld, manpack, small form factor, and airborne radios that will be 
fielded to combat brigades.  Additionally, other low-density current force radio systems 
are present in the brigade that could affect the outcome of a fully optimized radio BOIP.  
Potential exists to optimize every radio within the HBCT in order to maximize 
performance at the least possible cost to our taxpayers.  
Finally, other types of Army brigades can be examined.  This project only focuses 
on the Heavy Brigade Combat Team.  Two other brigade combat team structures exist: 
the Infantry Brigade Combat Team and the Stryker Brigade Combat Team.  Additionally, 
other types of elements exist in the United States Army such as Multifunctional Support 
Brigades, Functional Support Brigades, Special Functional Support Brigades, Corps and 
Division Headquarters and Special Operation Forces.  These other elements can be 





APPENDIX A.  DERIVED WAVEFORM REQUIREMENTS  
(ORIGINAL) 
This appendix is restricted to DoD and DoD Contractors only.  Requests for this 
Appendix must be referred to President, Code 261, Naval Postgraduate School, 
Monterey, CA 93943-5000 via the Defense Technical Information Center, 8725 John J. 
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APPENDIX B.  GAMS MODEL 





  p  platform  /P1*P567/ 
  r  radio type  /R1*R20/ 

















  Z  objective value 
  x(p,r) equals 1 if platform p contains radio type r—binary  ; 
 
binary variable 
  x  ; 
 
equations 
  Platform_requirement(p,w)  makes sure each platform waveform requirement is fulfilled 
  Objective  equals the objective to minimize costs 
  ; 
 
  Platform_requirement (p,w)..  sum(r,x(p,r)*c(w,r)) =G= q(p,w)  ; 
  Objective..  Z =E= sum(p,sum(r,x(p,r)*d(p,r))) ; 
 
model GMR  /all/ ; 
option limrow = 0, limcol = 0 ; 
option optcr = 0.001 ; 
solve GMR using MIP minimizing Z ; 
 144 
display z.l ; 
display x.l ; 
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APPENDIX C.  MODEL OUTPUT (ORIGINAL) 
This Appendix is restricted to DoD and DoD Contractors only.  Requests for this 
Appendix must be referred to President, Code 261, Naval Postgraduate School, 
Monterey, CA 93943-5000 via the Defense Technical Information Center, 8725 John J. 
Kingman Rd., STE 0944, Ft. Belvoir, VA  22060-6218. 
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APPENDIX D.  DERIVED WAVEFORM REQUIREMENTS 
VARIATION ONE (PRIORITY 1–5) 
This Appendix is restricted to DoD and DoD Contractors only.  Requests for this 
Appendix must be referred to President, Code 261, Naval Postgraduate School, 
Monterey, CA 93943-5000 via the Defense Technical Information Center, 8725 John J. 
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APPENDIX E.  DERIVED WAVEFORM REQUIREMENTS 
VARIATION TWO (PRIORITY 1–4) 
This Appendix is restricted to DoD and DoD Contractors only.  Requests for this 
Appendix must be referred to President, Code 261, Naval Postgraduate School, 
Monterey, CA 93943-5000 via the Defense Technical Information Center, 8725 John J. 
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APPENDIX F.  DERIVED WAVEFORM REQUIREMENTS 
VARIATION THREE (PRIORITY 1–3) 
This Appendix is restricted to DoD and DoD Contractors only.  Requests for this 
Appendix must be referred to President, Code 261, Naval Postgraduate School, 
Monterey, CA 93943-5000 via the Defense Technical Information Center, 8725 John J. 
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APPENDIX G.  DERIVED WAVEFORM REQUIREMENTS 
VARIATION FOUR (PRIORITY 1–2) 
This Appendix is restricted to DoD and DoD Contractors only.  Requests for this 
Appendix must be referred to President, Code 261, Naval Postgraduate School, 
Monterey, CA 93943-5000 via the Defense Technical Information Center, 8725 John J. 
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APPENDIX H.  DERIVED WAVEFORM REQUIREMENTS 
VARIATION FIVE (PRIORITY 1 ONLY) 
This Appendix is restricted to DoD and DoD Contractors only.  Requests for this 
Appendix must be referred to President, Code 261, Naval Postgraduate School, 
Monterey, CA 93943-5000 via the Defense Technical Information Center, 8725 John J. 
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APPENDIX I.  MODEL OUTPUT VARIATION ONE  
(PRIORITY 1–5) 
This Appendix is restricted to DoD and DoD Contractors only.  Requests for this 
Appendix must be referred to President, Code 261, Naval Postgraduate School, 
Monterey, CA 93943-5000 via the Defense Technical Information Center, 8725 John J. 
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APPENDIX J.  MODEL OUTPUT VARIATION TWO  
(PRIORITY 1–4) 
This Appendix is restricted to DoD and DoD Contractors only.  Requests for this 
Appendix must be referred to President, Code 261, Naval Postgraduate School, 
Monterey, CA 93943-5000 via the Defense Technical Information Center, 8725 John J. 











APPENDIX K.  MODEL OUTPUT VARIATION THREE  
(PRIORITY 1–3) 
This Appendix is restricted to DoD and DoD Contractors only.  Requests for this 
Appendix must be referred to President, Code 261, Naval Postgraduate School, 
Monterey, CA 93943-5000 via the Defense Technical Information Center, 8725 John J. 















APPENDIX L.  MODEL OUTPUT VARIATION FOUR  
(PRIORITY 1–2) 
This Appendix is restricted to DoD and DoD Contractors only.  Requests for this 
Appendix must be referred to President, Code 261, Naval Postgraduate School, 
Monterey, CA 93943-5000 via the Defense Technical Information Center, 8725 John J. 











APPENDIX M.  MODEL OUTPUT VARIATION FIVE  
(PRIORITY 1 ONLY) 
This Appendix is restricted to DoD and DoD Contractors only.  Requests for this 
Appendix must be referred to President, Code 261, Naval Postgraduate School, 
Monterey, CA 93943-5000 via the Defense Technical Information Center, 8725 John J. 








APPENDIX N.  GAMS MODEL WITH NEW GMR SIMULTANEITY 





  p  platform  /P1*P567/ 
  r  radio type  /R1*R21/ 

















  Z  objective value 
  x(p,r) equals 1 if platform p contains radio type r—binary  ; 
 
binary variable 
  x  ; 
 
equations 
  Platform_requirement(p,w)  makes sure each platform waveform requirement is fulfilled 
  Objective  equals the objective to minimize costs 
  ; 
 
  Platform_requirement (p,w)..  sum(r,x(p,r)*c(w,r)) =G= q(p,w)  ; 
  Objective..  Z =E= sum(p,sum(r,x(p,r)*d(p,r)))  ; 
 
model GMR  /all/  ; 
option limrow = 0, limcol = 0  ; 
option optcr = 0.001 ; 
solve GMR using MIP minimizing Z  ; 
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display z.l ; 








































APPENDIX O.  MODEL OUTPUT WITH NEW GMR 
SIMULTANEITY 
This Appendix is restricted to DoD and DoD Contractors only.  Requests for this 
Appendix must be referred to President, Code 261, Naval Postgraduate School, 
Monterey, CA 93943-5000 via the Defense Technical Information Center, 8725 John J. 
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